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1. ??  
? ????????????????????????????? 11 ???
? (IB, IIA, IIC, IID, IIE, IIF, III, V, X, XIIA, XIIB) ??????????? A2 
(PLA2) ????IIA ?? PLA2?????????????????????
??????????????? 1???????????????????
????????? IIA ? PLA2? 49 ????????????[Asp49]??
[Lys49]?? 2?????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????? (Protobothrops flavoviridis)????
?? (P. tokarensis)??????? (P. elegans)????? (Ovophis okinavensis) 
????????? PLA2???????????????????????
???? PLA2????????????????????????????
??????????????????????????????????
??????????????????????????????? PLA2?
????????????????? 2 ????????????????
???????????????????? PLA2????????????
?????????????? 1 ?????????? CR1-like LINE 
(Chicken repeat 1-like long interspersed nuclear element) ???????????
???????? 
? ????????? PLA2??????????????????????
?????????????????????????????? PLA2??
???????????????????????????????????
???????????? PLA2????????????????????
???????? IIA ?? PLA2????????????????????
? IIF?IID?IIE?? PLA2????????????????? PLA2???
???????????????????????????? PLA2????
????????????????????????????????????
??????????????? PLA2?????????????????
?????????????? PLA2??????????????????
???????????????????IIA ? PLA2??????????
???????????????????????????????????
 2 
?????????????????????????? 2 ?? IID ? PLA2
?????? DNA??????????????????????????
?????????????????????????????? IIA ??
PLA2 ????????????????????????????????
??????????????????????????? 
? ??????????????? [Lys49]PLA2 ????????????
[Lys49]PLA2 ?????????????????????????????
??????????????????[Lys49]PLA2????????????
??????????????? LINE-1 ????????????????
???[Lys49]PLA2 ??????????????????????????
??????????????????????????? PLA2?????
??????????????????????????????????
??????????????????????????? PLA2?????
?????????????????? 
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2. ?????????????????????  
????????????????????????? 
?? ???? 
ACTB Actin, beta 
AID Activation-induced deaminase 
APOBEC Apolipoprotein B mRNA-editing enzyme catalytic polypeptide 
BLAST Basic local alignment search tool 
C. m. pyrrhus, Cmp Crotalus mitchellii pyrrhus 
cDNA Complementary DNA 
CDS Coding sequence 
CR1 Chicken repeat 1 
CTCF CCCTC binding factor 
CYTB Cytochrome b 
D. typus, Dt Dispholidus typus 
DSB Double strand break 
EDTA Ethylene diamine tetra acetic acid 
EN Endonuclease 
EST Expressed sequence tag 
EtBr Ethidium bromide 
FISH Fluorescence in situ hybridization 
gDNA Genomic DNA 
G. gallus, Gg Gallus gallus 
INDEL Insertion- Deletion 
IPTG Isopropyl-β-D-thiogalactoside 
H. sapiens, Hs Homo sapiens 
L. madagascariensis, Lm Leioheterodon madagascariensis 
LCR Locus control region 
LINE Long interspersed nucleotide element 
LM-PCR Ligation-mediated PCR 
LTR Long Terminal Repeat 
M. musculus, Mm Mus musculus 
Mul1 Mitochondrial E3 Ubiquitin Protein Ligase 1 
ND4 NADH dehydrogenase, subunit 4 
NTC No Template Control 
O. hannah, Oh Ophiophagus hannah 
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O. Okinavensis, Oo Ovophois okinavensis 
ORF Open reading frame 
OTUD3 Ovarian tumor domain - containing protein 3 
PAGE Polyacrylamide gel electrophoresis 
PCR Polymerase chain reaction 
P. elegans , Pe Protobothrops elegans 
P. flavoviridis , Pf Protobothrops flavoviridis 
PFGE Pulsed-field gel electrophoresis 
pI Isoelectric point 
P. m. bivittatus, Pm Python molurus bivittatus 
P. tokarensis , Pt Protobothrops tokarensis 
PCI Phenol:Chloroform:Isoamyl Alcohol 25:24:1 Mixed 
PcRTF PLA2 gene-coupled reverse transcriptase fragment 
PEG Polyethylene glycol 
PLA2 Phospholipase A2 
PPIH Peptidylprolyl Isomerase H 
RACE Rapid amplification of cDNA ends 
rRNA Ribosomal rna 
RT Reverse transcriptase 
RT-PCR Reverse transcription-PCR 
SD Segmental Duplication 
SDS Sodium dodecyl sulfate 
SINE Short interspersed nucleotide element 
SNP Single nucleotide polymorphism 
sPLA2 Secretory PLA2 
Tris Tris (hydroxymethyl) aminomethane 
TSD Target site duplication 
UBXN10 Ubiquitin regulatory X domain (UBX) domain-containing protein 10  
UTR Untranslated region 
V. b. berus, Vb Vipera berus berus 
VWA5B1 Von Willebrand Factor A Domain Containing 5B1 
X-gal 5-bromo-4-chloro-3-indolyl-β-D-galactoside 
YBX1 Y Box Binding Protein 1  
   
? ??? PLA2 ????????????????????????????
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???????????????????????????????????
??????????????????? PLA2??????????????
?????????????? 
 
1. ???????????????? IIA????? PLA2??????3?
7??????A, B??C??????????????????? PLA2
???????? PLA2???????????? 
2. A??????????????????? PLA2???????????
?????????????????????????????????
?????????????????? PLA2???? (????) PLA2?
??? 
3. ??? (DNA?RNA) ???????????????????????
?????????????????????????????????
?????????????????????????????????
?????????????????????????????????
??????????“[ ]”??????? 
4. ?????????????????????????????????
?????????????????????????????????
Pe, Protobothrops elegans; Pf, Protobothrops flavoviridis; Pt, Protobothrops 
tokarensis; Oo, Ovophis okinavensis.  
5. ?????????????????????????????????
??“( )”??????????????????????????????
?????????????????????????????????
??????????????????? (A), Amami-Oshima island; (I), 
Iheya island; (K), Kume island; (O), Okinawa island; (T), Tokunoshima island. 
6. ?????????????????????????pgPLA 1a, pgPLA 2a, 
pgPLA 1b, pgPLA 2b, PfPLA 1, PfPLA 2, PfPLA 3, PfPLA 4, PfPLA 5, PfPLA 6, 
PfPLA 7, PfPLA 8??????????????????????????
?????????????????????????????????
???“[ ]”?????????????????????????????
?????????????????????????????????
???????? 
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3. ??  
3-1. ????????????  
? ????????????? (Reptilia: Squamata: Serpentes) ???????
???????????????????????????????????
???????? ITIS (Integrated Taxonomic Information System) ? 2015???
??????????? (Scolecophidia) 3?, ???? (Alethinophidia) 20??
2?? 23????? (Figure 1) (Integrated Taxonomic Information System, 2015)?
????“???”??????????????????? (Caenophidia) ?
???????????? (Viperidae)????? (Elapidae)????????? 
(Atractaspididae)???????????? (Colubridae) ??????????
???????????????????????? (Viperinae)?????? 
(Crotalinae)????????? (Causinae)?????????? (Azemiopinae) 
? 4 ?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????? (Borja-Oliveira et al., 2007; Chijiwa 
et al., 2003a; Faiz et al., 2010; Gutiérrez et al., 1992)??????????????
???????????????????????????????????
???????????????????????  (Casewell et al., 2009; 
Lomonte et al., 2014, 2012)????????????????????????
????????????? (Barlow et al., 2009; Daltry et al., 1996; Li et al., 
2005)?????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????? 
? ??????????????????????????????????
???????????????????????????????????
?????????????????? (Figure 2) (Jackson, 2003, 2002; Nagy et 
 7 
al., 2013; Vonk et al., 2008)????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????? (Hutchinson et al., 2007)? 
? ??????????????????????????????????
???????????????????????????2015 ??????
????? (Pythonidae) ????????? (Python molurus bivittatus) (Castoe 
et al., 2013), ???????? (Python molurus molurus) (Castoe et al., 2011a), ?
???????????????? (Vipera berus berus) (Liu et al., 2014), ??
?????????????? (Crotalus mitchellii pyrrhus) (Gilbert et al., 2014), 
??????????? (Ophiophagus hannah) (Vonk et al., 2013), ??????
??????????? (Thamnophis sirtalis) (Warren and Wilson, 2015), ???
???? (Pantherophis guttatus) (Ullate-Agote et al., 2014) ? 7????????
??????????????? 
 
 
3-2. ???????????????  
? ??????????????????????????????????
?????? (Protobothrops mucrosquamatus) ?????? (Protobothrops) 3
??????? (Ovophis) 1?????? (Gloydius) 2??? 6???????
???????????????????????????????? (Figure 
3)? 
? ???????? (Protobothrops flavoviridis) ??????????????
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???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????? (Okinawa 
Prefectural Institute of Health and Environment, 2011)???? 100~200 cm????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?? (Mishima, 1966a, 1966b; Nishimura et al., 1991)?????????????
?????????????????????? (????) 300 mg?????
?????????? LD50??????????? 3.75??????????
???????? (Mitsuhashi et al., 1961)?????????????????
??????????????????????????????????? 
(unpublished) ?????????????????????????????
???????????????????????????????????
?????????????????????? 
? ????? (Protobothrops tokarensis) ?????????????????
?????????????????????????????? 60~100 cm
???????????????????????????????????
?????????????????????????, ??????????
???????????????????????????????????
???????????????????????????????????
? (unpublished) ????????????????????????????
????????? 2 ?????????????????????????
????? 
? ?????? (Protobothrops elegans) ??????????????????
???????????????????????????????????
?????????????????????????????? (Okinawa 
Prefectural Institute of Health and Environment, 2011)??? 60~120 cm?????
???????????????????????????????????
?, ?????????????????????????? (????) 124 mg
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???????????????LD50??????????? 1.2??????
?????????????????????????????????? 
(Mitsuhashi et al., 1961)? 
? ????? (Ovophis) ????? (Ovophis okinavensis) ?????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? (Okinawa Prefectural Institute of Health and Environment, 
2011)??? 30~80 cm??????????????????????????
???????????????????????????????????
????????? (Kadota, 2011; Mori and Toda, 2011; Mori et al., 2002)????
???? (????) 22.2 mg????????????????? LD50???
???????? 3.75 ?????????????????????????
??????????????? (Mitsuhashi et al., 1961)? 
? ???? (Gloydius) ??????? (Gloydius blomhoffii) ????????
??????????????????????? 45~65 cm????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????? 
(Homma et al., 1967; Kosuge, 1968)? 
? ?????? (Gloydius tsushimaensis) ????????????????
40~60 cm???????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 
? ???????????????????????? A2 (PLA2)??????
???? (SP)?????????? (MP)??????????????? 
(CRISP)?C?????????? (CTL)?L-?????????? (LAO)??
????? (NGF)?????????? (ADAM) ?????????????
???????????????????????????????????
???????????????????????????????????
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??????????  (Figure 4) (Aird et al., 2013; Casewell et al., 2009; 
Francischetti et al., 2004; Oda-Ueda et al., 2004; Rodrigues et al., 2012; Rokyta et al., 
2013)?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? (Barlow et al., 2009; Daltry et al., 1996; Li et al., 2005)??
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????“Venomics”????????????????
???????????????????????? 
 
 
3-3. ??????? A2 (PLA2) ??????  
? ??????? A2 (Phospholipase A2, PLA2,) [EC 3.1.1.4] ?????????
????? sn-2 ????????????????????????????
??????????? (Figure 5) (Dijkstra et al., 1983, 1981)?PLA2?????
???????????????????????????????????
???????????????????????????????????
PLA2?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? (Figure 6) (Balsinde et al., 2002; Dennis et al., 2011; Korotkova and Jakobsson, 
2014)? 
? ??????????????????????????????????
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??????? 30 ??? PLA2?????????????????????
????? PLA2?????????????????? I??? XVI????
16???????????????????????????????? PLA2 
(secretory PLA2, sPLA2), ???? PLA2 (cytosolic PLA2, cPLA2), Ca2+????
PLA2 (Ca2+-independent PLA2, iPLA2)?????????????????? 
(Platelet-activating factor acetylhydrolase, PAF-AH), ?????????????
A2 (Lysosomal phospholipase A2, LPLA2), ??????????????? A2 
(adipose-specific PLA2, AdPLA2) ? 6 ??????? (Table 1) (Dennis et al., 
2011)?????? PLA2 ????????????????????????
??????? N ???????????????????????????
???????? PLA2? I??????????????????? C???
?????????? PLA2? II? (Heinrikson et al., 1977)?????????
???????? PLA2? III????????? (Davidson and Dennis, 1990)?
1980?????????????????????? I????? PLA2???
??????II????? PLA2?????????????????????
???????? (Fleer et al., 1978; Hara et al., 1989; Kramer et al., 1990; 
Seilhamer et al., 1989; Verheij et al., 1983)??????????????? 2??
PLA2????? IB??IIA???????????????????????
???? PLA2? IA???????????????? (Bitis) ????? PLA2
? IIB?????????? (Davidson and Dennis, 1990)??????????
???????????????????????????????????
?????????????? PLA2???????? (pancreatic loop???N
???? C???????)????????????????? Cys????
?????????????????????????18???? (IA, IB, IIA, 
IIB, IIC, IID, IIE, IIF, III, V, IX, X, XIA, XIB, XIIA, XIIB, XIII, XIV) ??????
?? (Table 2, Figure 7) (Dennis et al., 2011; Schaloske and Dennis, 2006)?????
???????????????????????????????11 ???
? (IB, IIA, IIC, IID, IIE, IIF, III, V, X, XIIA, XIIB) ???? PLA2??? (Dennis 
et al., 2011; Murakami et al., 2011, 2010; Schaloske and Dennis, 2006)?IB? PLA2?
????????????????????????????? PLA2????
????????????????????? IB ? PLA2?????????
???? N ??????????????????????????????
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? IB? PLA2? pancreatic loop????????????????? (Huang et 
al., 1997; Kini, 1997)????????????????? PLA2? IA?????
??????????? IB??????????????????? α-???
?????? β-wing ????????? elapid loop ???????? 
(Alape-Girón et al., 1999)?IA? PLA2???????????????????
???????????????????????????????????
????? (Dixon and Harris, 1999; Harris, 2004; Prasarnpun, 2005; Ranawaka et al., 
2013; Rigoni, 2004; Rosso et al., 1996)?IIA? PLA2?????????????
??????????????????????????? PLA2?????? 
(Boilard et al., 2010; Hara et al., 1989; Touqui and Alaoui-El-Azher, 2001)?????
?????????????????????????????????? 
(Buckland et al., 2000; Foreman-Wykert et al., 1999; Grönroos et al., 2002)?????
???? (Bitis) ????????????????? IIA ?? PLA2????
???????????????? PLA2?????????????????
????, ???????????? (Chijiwa et al., 2012; Nakashima et al., 1995, 
1993; Ohno et al., 2002)?IIA????? PLA2? 49?????????????
?????[Asp49]??[Lys49]?? 2??????? (Maraganore and Heinrikson, 
1986; Maraganore et al., 1984)?49???????????????????Ca2+
????????????????[Lys49]??[Asp49]????? PLA2????
? (Dhillon et al., 1987; Kihara et al., 1992; Yamaguchi et al., 1997)????????
IIA ? PLA2 ??????????????? (Lomonte and Gutiérrez, 2011; 
Mora-Obando et al., 2014)?????????????????????????
???????????????????????????????????
??????? (Chijiwa et al., 2003a; Ferreira et al., 2013; Petrovič et al., 2004; 
Yamaguchi et al., 2001)?PLA2?????[Asp49]PLA2????????????
????????????????????????????????
[Lys49]PLA2???? C?????????????????????????
??????????[Asp49]PLA2 ???????????????????
[Lys49]PLA2??????2?? PLA2???????????????????
???????? (Andrião-Escarso et al., 2000; Lomonte and Gutiérrez, 2011; 
Lomonte and Rangel, 2012; Montecucco et al., 2008; Mora-Obando et al., 2014)? 
? ?????????? PLA2?????????? 1980??????????
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???????????????????????????????? PLA2?
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????? (Dennis et al., 2011; Murakami et al., 2015, 2011)? 
 
 
3-4. ???????????? PLA2??????  
? IIA??? IIB????? PLA2???????????????? PLA2??
????????????????????? 119-124???????????
??????????? (Brunie et al., 1985; Holland et al., 1990; Renetseder et al., 
1985; Suzuki et al., 1995)???????????????? 4????????
?????????????? PLA2??????????? 
 
3-4-1. ????  (Protobothrops flavoviridis) 
? ?????????????????????????????? PLA2??
?????????????????????????????????? 122
?????????? 6 ????? PLA2 ?????? (PfPLA2, PfPLA-A, 
PfPLA-B, PfPLA-N, PfBPI, PfBPII) ??????????????? IIA???
?? PLA2???????????????????????????????
???????????????????[Asp49]?????? PfPLA2 (pI 7.9, 
????????????????) (Kihara et al., 1992; Oda et al., 1990)????
[Asp49]?????? PfPLA-A ? PfPLA-B (pIs 8.5 ? 8.6, ?????? ) 
(Yamaguchi et al., 2001), ????[Asp49]?????? PfPLA-N (pI 10.3, ???
??) (Chijiwa et al., 2003a), [Lys49]?????? PfBPI? PfBPII (pIs 10.2? 10.3, 
?????????????????????) (Kihara et al., 1992; Liu et al., 
1990; Yoshizumi et al., 1990)?? 4????????????????????
?? (Figure 8) (Chijiwa et al., 2003a)?????????????? cDNA???
????????????????PfPL-X’, Pf[Thr37]PLA2, PfpgPLA 1a, PfpgPLA 
2a, PfpgPLA 1b, PfpgPLA 2b????PLA2???????????? cDNA??
??????? (Figure 8, 9) (Nakashima et al., 1993; Oda et al., 1990; Ogawa et al., 
1992)? 
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? ????????????????PfPLA2 (Chijiwa et al., 2003b), PfPLA-B’ 
(Chijiwa et al., 2003b), PfPLA-N (Chijiwa et al., 2003a), PfBPI (Chijiwa et al., 2003b), 
PfBPII (Chijiwa et al., 2003b), PfBPIII (Murakami et al., 2009), PfPL-X (Kini et al., 
1986) ?????????????????????????? (Figure 10)??
??????????????? 8?? IIA?? PLA2???????????
??? 45 kbp????????????????????????????? 
(Chijiwa et al., 2012; Ikeda, 2011; Ikeda et al., 2010)?? PLA2???????????
PfpgPLA 1b?????? PfPLA 8?PfPLA2 [PfpgPLA 1a]?????? PfPLA 7?
PfBPII?????? PfPLA 2?PfPLA-N?????? PfPLA 4?PfPLA-B???
??? PfPLA 5????? PLA2?????? PfPLA 1, PfPLA 3, PfPLA 6???
???????? (Figure 11) (Chijiwa et al., 2012; Ikeda, 2011; Ikeda et al., 2010)? 
? ?????????????????????????????????
PfPLA2, PfPLA-N, PfPL-Y? 3?? PLA2?????????????????
??????????? (Figure 12) (Chijiwa et al., 2013b, 2003a, 2003b)? 
? ??????????????????????????????????
???????????????????????????????????
???????? (Figure 13)????[Lys49]PLA2?????????????
????????????????????????????? BPI? BPII?
???? 2 ??????????????????????????????
? BPI?BPII?? BPIII????? 3???????????????????
?????????????????????????[Lys49]PLA2 ?????
???????????????????????????????? PCR?
???????????????????????????????????
????????? BPI? BPII?????????????????????
???????????????? (Figure 14) (Chijiwa et al., 2000)? 
? ???????????????????? PfPLA 6 ??????????
?????[Asp49]PLA2 (Masuda, 2011)?IB ??? PLA2 (Irie, 2009; Nakasone, 
2006) ?????????????????? 
 
3-4-2. ?????  (Protobothrops tokarensis) 
? ???????????Tsai????? 4????????? PLA2????
???????????????? N??? 29??????????????
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???? (Tsai et al., 2004)????????????????????????
??????????? cDNA?????????[Asp49]?????? PtPLA2, 
???[Asp49] ?????? PtPLA-B, ????[Asp49]?????? PtPLA-N?
???[Lys49]?????? PtBPI? 4?????????????????? N
?????????? Tsai ???????????????????? 
(Figure 15) (Hayama, 2005; Yatsui, 2006)? 
? ??????????????? PfPLA 6 ???????????????
[Asp49]PLA2 : PtPLA 6 (Masuda, 2011)?IB??? PLA2 (Irie, 2009; Nakasone, 2006) 
?????????????????? 
 
3-4-3. ??????  (Protobothrops elegans) 
? ??????????????????????[Lys49]PLA2 ???????
????????????? 2??PeBP(R)I? PeBP(R)II (pIs 9.2? 9.3, ???
?????????) ???????????? 2?????????????
? 49????????????????????????????? 121??
??????????? (Figure 16) (Chijiwa et al., 2006)???????????
? cDNA ????????[Asp49]?????? PePLA2 ??????????
?????? (Chijiwa et al., 2006)????????????????? PfPLA 6
???????????????[Asp49]PLA2 : PePLA 6 (Masuda, 2011)?IB??
? PLA2 (Chijiwa et al., 2013a; Irie, 2009; Nakasone, 2006) ??????????
???????? 
 
3-4-4. ????  (Ovophis okinavensis) 
? ???????? cDNA????????????????????????
???????PLA2????????????????OoPLA2-o1, OoPLA2-o2
??OoPLA2-o3? 3??????????????? (Figure 17) (Nobuhisa et al., 
1996)?????Tsai ??????????????????????????
????? OoPLA2-o1??????????? (Tsai et al., 2012)???????
??? IIA? PLA2?????? 3????????????????????
OoPLA2-o1?????, OoPLA2-o2? OoPLA2-o3??????????????
???? (Nobuhisa et al., 1996; Tsai et al., 2012)???????????????
IB??? PLA2 (Irie, 2009; Nakasone, 2006) ????????????????
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?? 
 
 
3-5. ????????????????  
? ??????????????????????????????????
???????????????????????????????????
???????????? 
? ?????????????????“?????” (Natural selection) ???
???????????????????????????????????
????????????????????????????????????
?????????? (Survival of the fittest) ???????????????
???????????????????????????????????
??????????“?????” (Neutral theory of molecular evolution) ??
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
? (Kimura and Ohta, 1971; Kimura and Ota, 1974; Kimura, 1969, 1968)??????
?????????????????????????  (Survival of the 
luckiest) ???????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????? “?????” (Nearly 
neutral theory of molecular evolution) ?????????????? (Ohta, 1973)?
???????????????????????????????????
???????????????????????????????????
???????????????????????????????“????
???”????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 
? ??????????????????????????????????
 17 
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? 
 
 
3-6. ????  
? 1???????3??????????????????????????
???????????????????????????????????
??????????????? (Synonymous site), ????????????
?????????? (Non-synonymous site), ???????????????
??? Ks ??? dS????????????????? KA??? dN????
??? (Li et al., 1985; Nei and Gojobori, 1986; Zhang et al., 2006)???????? 
(Goldman and Yang, 1994; Posada, 2003) ??????????????????
???????KA/KS??? 1?????????????? (Positive selection) 
??1?????????????? (Negative selection) ??1???????
?????????????????? (Anisimova et al., 2001; Yang and Chen, 
2012; Yang and Nielsen, 2000; Yang, 2006)??????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????? Kunitz???????????????? (Doley et al., 2009), ?
????? IIA ?? PLA2 (Kini and Chan, 1999; Nakashima et al., 1995, 1993; 
Nobuhisa et al., 1996; Ogawa et al., 1996; Ohno et al., 2002), Fetuin (Tanaka et al., 
2013), ???????????? (Deshimaru et al., 1996), ???????
Three-finger toxin (3FTx) (Gong et al., 2000), ???????? (Ogawa et al., 2002, 
1999), ???????? Blood depressing substance (BDS) (Nicosia et al., 2013), 
?????????? (Olivera et al., 2012) ???????????(??????
???????????????????????????????????
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????? KA/KS?? 1????)?KA/KS?? 1?????????????? 
(Figure 18)???????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? (Accelerated Evolution) ???????????????
???????????????????????????????????
????????? (Forsdyke, 1995), Accelerated segment switch in exons to alter 
targeting (ASSET) ????????????? (Doley et al., 2009), ?????
????????????????? (Casewell et al., 2011), DNA??????
???? DNA?????????????????????????????
??????????????????????????? 
 
 
3-7. ????????? IIA ?? PLA2???????????????
????????  
? ????????? IIA?? PLA2?????????? 2 kbp??????
?????????71????????????? IIA?? PLA2??????
?????????????????????????? 4?????3???
????????????????? 1?????? 2?????????? 3
?????? (Insertion-Deletion, INDEL) ???? A, B, C? 3???????
????????? (Figure 19) (Chijiwa et al., 2012)??? ??????????
??????? (Short interspersed nuclear element, SINE) ??????????
??????S1EX 1, S2EX 1, ?? SINT 2??????? (S2EX 1? S1EX 1
???????)?A????????????? PfPLA 6, OoPLA2-o2????
??????B??C??????????????? SINT 2????????
????????????????????????????????????
?????? IIA ?? PLA2 ???????????????????? 
(Chijiwa et al., 2012)?????S1EX 1???????????? B?????
??????????????????????????????? S2EX 1?
??????????? C ???????????????????????
???????????????????????????????????
??????????????????????? PLA2??????????
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?????? IIA? PLA2?????? PfPLA 6 (????), PtPLA 6 (?????), 
PePLA 6 (??????) ?? OoPLA2-o2 (????) ?????? C?????
?????????????? 
? ???????????????????? IIA?? PLA2????????
???????????????????????????????????
???? 2 ???????? PfpgPLA 1a ? PfpgPLA 1b ??PfpgPLA 2a ?
PfpgPLA 2b?????????????? (Figure 9) (Nakashima et al., 1993)??
???????????? 45 kbp?? 8?? IIA?? PLA2?????????
???????????? (Figure 11) (Chijiwa et al., 2012; Ikeda, 2011; Ikeda et 
al., 2010)????????????????????????????? PLA2
???????????? 16~32 ????????????????????
?????? (Nakashima et al., 1993)?FISH?????????? PLA2???
????????????? 2 ?????????????????? (Ikeda 
et al., 2010)????????????????????? OoPLA2-o1, OoPLA2-o2, 
?? OoPLA2-o3? 3?? PLA2??????????????????????
???????????????????????????????????
????? (Figure 17) (Nobuhisa et al., 1996)? 
? ??????????????????????????????????
??????????????????????? Scomb ?????????
?????????? (recombinational hot spot, RHS) ???????????
??????????????????????????? (Figure 20) (Ikeda 
et al., 2010)??????????????????????IIA?? PLA2??
???????????????????? CR1 (Chicken repeat 1) ?????
??????????? DNA ??? PcRTF (PLA2 gene-coupled reverse 
transcriptase fragment) ?????????? PLA2?????????????
???? (Long interspersed nuclear element, LINE) ??????????? 
(Ikeda et al., 2010)? 
 
 
3-8. ???????????????????  
? ???????????????????????? (Transposable element) 
?????????????????????????????? 40%???
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???????????? (Hulme et al., 2009; Lander et al., 2001; Xing et al., 
2013)?????? 2??????????????????????????
RNA ???????? I?DNA ????????? DNA ???????? II
???????? (Figure 21) (Cordaux and Batzer, 2009)???????????
??? (Retrotransposon)???? DNA??????? (DNA transposon) ???
????????????????????? (Figure 22) (Levin and Moran, 
2011)???? I ??????????????????????? (Long 
Terminal Repeat) ?????? LTR?? Non-LTR?????????? LTR?
???????????????????????????? (Envelope, env)
??????????????? (Retrovirus) ??????Non-LTR ????
????????? LINE? SINE?????? LINE? 2????????? 
(open reading frame, ORF), ORF1? ORF2, ????ORF2??????????
??? (Reverse transcriptase, RT) ?????????? (Endonuclease, EN) ?
??????????????SINE???????????????????
???????????????????????????????????
?????????????????????LINE ???? RNA ?????
? II??????????SINE???? RNA?????? III???????
????????? (Ohshima and Okada, 2005)????LINE????????
????R2, Randl, L1, RTE, I, Jockey? 6???????????? (Figure 23) 
(Kapitonov et al., 2009; Kojima and Fujiwara, 2005; Malik et al., 1999; Permanyer et 
al., 2006)? 
? 2011 ????????????????????????????????
????????? RTE????? Bov-B?Jockey????? CR1, L2???
LINE ??????????????????? (Castoe et al., 2013, 2011a, 
2011b)?????????????? IIA?? PLA2????????????
?? Bov-B LINE??????????????? (Kordiš and Gubenšek, 1998, 
1997; Župunski et al., 2001)??????????????????????? 45 
kbp ?????????? 8 ?? IIA ?? PLA2???????4 ??????
PfPLA 2, PfPLA 3, PfPLA 4, PfPLA 5?? 3’??? PcRTF????? CR1? LINE
????????IIA?? PLA2???? PcRTF? 1????????????
?????????? (Figure 11) (Ikeda et al., 2010)?Figure 11???? PfPLA 3
????? 1??????? 2?????????????? 5’??? PfPLA 2
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? PcRTF 2?????????PfPLA 3? PcRTF 3?PfPLA 4? PcRTF 4?PfPLA 
5 ? PcRTF 5 ?????????????????????? PLA2????
PcRTF ? 1 ??????????????????????????????
?? (Figure 24)?????????? 4???? PcRTF??????????
?? PcRTF-Long (PcRTF-L)? PcRTF-Short (PcRTF-S) ? 2?????????
????????PcRTF 3? PcRTF 5? PcRTF-L?????PcRTF 2? PcRTF 4
? PcRTF-S?????????? (Ikeda, 2011; Ikeda et al., 2010)???????
PcRTF????? 5’UTR?? ORF1?????????????? 5' truncated
?????????????PcRTF-L? PcRTF-S???????? 5’UTR??
ORF1?????? PcRTF??????? (connective sequence) ?RT????
???????????????????? (gene conversion) ???????
????????? (Figure 25) (Ikeda et al., 2010)?? PLA2 ???????
PcRTF ? 1 ???????????????? LINE ??? 5’???????
????????????????????????? 5’ Transduction????
????????? (Figure 26)?????????????? (Damert et al., 
2009; Hulme et al., 2009; Symer et al., 2002; Szak et al., 2002)?? PLA2????
PcRTF????????????????????? 
 
 
3-9. ?????  
? ????????? IIA??? PLA2??????????????????
???????????????????????????????????
? (Chijiwa et al., 2012; Ikeda, 2011; Ikeda et al., 2010; Nobuhisa et al., 1996)????
??????????? IIA?? PLA2??????????????????
????????????????????? II ??? V ? PLA2?????
??? PLA2?????????????????????? PLA2?????
???????????????????????????????????
????? IIA?? PLA2????????????????????????
???????? IIA?? PLA2?????????????????????
???????????????????????????????????? 
? ??????????????? IIA?? PLA2?????????????
??????????5? 1??????????????????? PLA2?
 22 
???????????????????????????????????
????????????? PLA2 ???????????????????
???????????????????????? PLA2?????????
????????? PLA2????????????????????????
???????????????????????????????????
?????????????? 3 ???????????????? IIA ??
PLA2??????????????????????????? IIA ? PLA2
???????????????????????????????????
IIA ? PLA2??????????????????????????????
?????????????????????? 
 
? ??????????????????????????????????
??????[Lys49]PLA2 ????????????????????????
?????????????????? (Chijiwa et al., 2003b; Murakami et al., 
2009; Yatsui, 2006)? 
? ??????[Lys49]PLA2 ???????????????????????
??????????5 ? 2 ????????????[Lys49]PLA2?????
?????????? PLA2???????????????????????
??????????????????????????[Lys49]PLA2 ????
???????????????????????????????????
?????[Lys49]PLA2?????????????????[Lys49]PLA2???
????????????????????????????? 
 
? ????????? IIA??? PLA2??????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????? PLA2??????????????
????????????????? 
? ?????????????????? PLA2??????????????
?????????????????????5 ? 3 ???????????
PLA2 ??????????????????????????????IIA ?
PLA2??????[Asp49]PLA2??????? PLA2?????? IB? PLA2?
???????????????????????????????????
??????????????????????????????? 
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4. ?????  
4-1. ?????  
4-1-1. ??  
? ????????? DNA?????????????? (?????No. 1~6, 
9) ????? (No. 10~15), ?????? (No. 16), ???? (No. 17~24) ??
?????Blin and Stafford (1976) ???????????? (Blin and Stafford, 
1976)? 
? ???Total RNA?????????????? (No. 7, 8)????? (No. 25) 
???????????? 
??  ???  ??  ????  ?? /???  ??  ????  
???? ???? ♀ ?? 11. 01. 21 ?? No. 1 
???? ???? ♂ ?? 11. 01. 21 ?? No. 2 
???? ???? ♀ ?? 11. 08. 29 ??, ?? No. 3 
???? ???? ♀ ?? 11. 08. 29 ?? No. 4 
???? ???? ?? ?? 10. 09. 16 ?? No. 5 
???? ???? ♀ ?? 12. 09. 05 ?? , ? , ?
?, ?? 
No. 6 
???? ???? ♀ ?? 12. 09. 05 ? , ?? , ?
? , ? , ?? , 
??, ??, ?
? 
No. 7 
???? ???? ♂ ?? 12. 09. 08 ?? No. 8 
???? ???? ♀ ?? 11. 12. 08 ?? No. 9 
????? ??? ♀ ?? 08. 08. 21 ?? No. 10 
????? ??? ?? ?? 13. 09. 14 ?? No. 11 
????? ??? ?? ?? 05. 07. 23 ?? No. 12 
????? ??? ?? ?? 11. 12. 08 ?? No. 13 
????? ??? ?? ?? 13. 09. 14 ?? No. 14 
????? ??? ?? ?? 13. 09. 14 ?? No. 15 
?????? ??? ?? ?? 06. 03. 20 ?? No. 16 
???? ???? ♀ ?? 09. 09. 02 ?? No. 17 
???? ???? ♀ ?? 09. 09. 02 ?? No. 18 
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???? ???? ♂ ?? 13. 12. 20 ?? No. 19 
???? ???? ♀ ?? 13. 12. 20 ?? No. 20 
???? ???? ♀ ?? 13. 12. 20 ?? No. 21 
???? ???? ♀ ?? 13. 12. 20 ?? No. 22 
???? ???? ? ?? 11. 12. 09 ?? No. 23 
???? ???? ♂ ?? 12. 09. 05 ?? No. 24 
???? ???? ♀ ?? 12. 09. 08 ?? No. 25 
 
4-1-2. ??  
? ??????????????????????????????????
???????????????????????????????????
????????????????????????????? (Milli-Q) ??
???????????????????????????????????
DNA?????????? 7??????????? 
???  ????  ??????  ????* 
30% (w/v) ????????? ?????? 018-25625 B 
50% Ammonium hydrogensulfite solution 
(pH 4.5) 
?????? 013-23931 A 
6-Aminohexanoic acid ?????? A0312 A 
Adenosine-5’-triphosphate Roche 10127523001 B 
Agarose for ?1kbp fragment (Fine 
Powder) 
??????? 02468-66 A 
Ager, powder ??????? 01028-85 A 
AG® 501-X8 Resin Bio-Rad Laboratories 1426424 A 
Alkaline Phosphatase, recombinant (Calf 
intestine) (CIP) 
Nippon gene 312-08011 E 
Ammonium acetate ??????? 02406-95 C 
Ammonium peroxodisulfate (APS) ?????? 016-20501 A 
Ammonium sulfate ??????? 02619-15 A 
Ammonium sulfite, 1-hydrate Sigma-Aldrich 358983-500G B 
Ampicillin sodium salt ??????? 02739-74 B 
AmpliTaq Gold® 360 Master Mix Applied Biosystems 4398881 E 
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Anti-Digoxigenin-AP, Fab fragments Roche 11093274910 B 
Bacto tryptone BD Biosciences 211705 A 
Bacto yeast extract BD Biosciences 212750 A 
Big Dye® Terminator 5× Sequencing 
Buffer 
Applied Biosystems 4336697 B 
BigDye Terminator v3.1 Cycle 
Sequencing Kit 
Applied Biosystems 4337455 E 
Boric acid ??????? 05215-05 A 
Bromophenol blue ??????? 05808-61 A 
Calcium chloride, 2-hydrate ??????? 06731-05 A 
Chloramphenicol ??????? 06285-94 B 
D-Glucose ??????? 16806-25 A 
Deoxycholic acid ??????? 10711-64 A 
DIG DNA Labeling Mix, 10× Roche 11277073910 E 
Dimethyl pimelimidate dihydrochloride ?????? P0892 B 
Disodium hydrogen phosphate, 12-hydrate ??????? 31723-35 A 
Dithiothreitol ??????? 14128-91 B 
E. coli BL21 (DE3) Competent Cells Novagen 69450 F 
E. coli JM109 Competent Cells ?????? 9052 F 
E. coli Rosetta-gami™ B (DE3) pLysS Novagen 71137 F 
E. coli DH5α Competent Cells ?????? 9057 F 
ECL Western Blotting Detection Reagents GE Healthcare RPN2109 A 
Ethanol ??????? 08948-25 A 
Ethylenediaminetetraacetic acid disodium 
salt, 2-hydrate (EDTA 2Na?2H2O) 
??????? 15111-45 A 
Ficoll 400 ??????? 16006-92 A 
Formamide ???????? 09890-35 C 
Glacial acetic acid ??????? 00212-85 A 
Glycerol ??????? 17045-65 A 
Glycine ??????? 09591-55 A 
Hexanucleotide Mix, 10× Roche 11277081001 E 
Hi-Di™ Formamide Applied Biosystems 4311320 D, E 
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High Pure Plasmid Isolation Kit Roche 11754777001 A 
Hydrochloric acid ??????? 18321-05 A 
Imidazole ??????? 09660-45 A 
ISOGEN Nippon gene 317-02503 B 
Isopropanol ?????? 325-00045 A 
Isopropyl β-D-1-thiogalactopyranoside ??????? 19742-94 B 
Kanamycin sulfate ?????? 133-92-6 B 
Klenow Fragment (2 U/µL) Nippon gene 312-00814 E 
KOD -Plus- TOYOBO KOD-201 E 
KOD -Plus- Neo TOYOBO KOD-401 E 
KOD FX TOYOBO KFX-101 E 
L-Arginine hydrochloride Sigma-Aldrich A92600 C 
L-Cysteine Sigma-Aldrich 168149-2.5G C 
L-Cystine Sigma-Aldrich C6727-25G C 
Ligation High TOYOBO LGK-101 E 
Magnesium chloride, 6-hydrate ??????? 20909-55 C 
Magnesium sulfate, 7-hydrate ??????? 21003-75 A 
Methanol ??????? 21915-93 A 
N-Lauroylsarcosine Sodium Salt ???????? 20117-12 A 
N, N-dimethylformamide ??????? 13016-65 A 
pET-20b Vector Novagen 69739 E 
Phenol, Saturated with TE Buffer ??????? 26829-96 B, C 
Phenol:Chloroform:Isoamyl Alcohol 
25:24:1 Mixed, pH 5.2 
??????? 26058-96 B, C 
Phenol:Chloroform:Isoamyl Alcohol 
25:24:1 Mixed, pH 7.9 
??????? 25970-56 B, C 
Polyethylene glycol #6,000 ??????? 28254-85 A 
Polyoxyethylene (23) lauryl ether 
(Brij®-35) 
?????? 160-11561 A 
Potassium acetate ??????? 28434-25 A 
Proteinase K ?????? 160-14001 B 
pT7Blue T-Vector Novagen 69820 E 
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pWEB-TNC™ Cosmid Cloning Kit Epicentre PC8805 E 
QIAGEN Large-Construct Kit QIAGEN 12462 A 
ReverTra Ace® qPCR RT Master Mix 
with gDNA Remover 
TOYOBO FSQ-301 E 
RNase A (10 mg/mL) ??????? 30100-31 D 
RNase Quiet ??????? 09147-14 A 
SeaPlaque® GTG® Agarose Lonza 50111 A 
Skim Milk ??????? 31149-75 A 
SMART™ cDNA Library Construction Kit Clontech Laboratories 634901 E 
Sodium acetate, 3-hydrate ??????? 31115-05 A 
Sodium bisulfite Sigma-Aldrich 243973-100G A 
Sodium chloride ??????? 31333-45 A 
Sodium dihydrogen phosphate, 2-hydrate ??????? 31737-65 A 
Sodium dodecyl sulfate ??????? 08933-05 A 
Sodium hydroxide ??????? 06338-75 A 
Sucrose ??????? 30406-25 A 
TaKaRa LA PCR™ in vitro Cloning Kit Takara Bio RR015 E 
Tetracycline hydrochloride ??????? 33031-64 B 
Tetramethylethylenediamine (TEMED) ??????? 33401-72 B 
THUNDERBIRD® Probe qPCR Mix TOYOBO QPS-101 E 
TOPO® TA Cloning® Kit for Sequencing Invitrogen 450071 E 
Triethanolamine ?????? S0377 A 
Tris (hydroxymethyl) aminomethane ??????? 35434-05 A 
Trisodium citrate, 2-hydrate ??????? 31430-65 A 
Triton X-100 Roche 10789704001 B 
Tween® 20 Sigma-Aldrich P9416-100ML A 
Urea ??????? 35905-35 A 
Wizard® DNA Clean-Up system Promega A7280 A 
Xylene cyanol FF ??????? 36629-64 A 
Zero Blunt® TOPO® PCR Cloning Kit Invitrogen 450245 E 
X-gal ?????? 027-07854 B 
* ????: A, ?? (????????); B, 4°C (???); C, 4°C (???); D, −20°C (???); E, 
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−30°C (???); F, −80°C (?????????)? 
 
◉ 2 N, 6 N HCl 
 Milli-Q     41.6 mL,  25 mL 
 Hydrochloric acid (35-37%)   8.4 mL,   25 mL ? ? ? ?  
     (2 N)  (6 N) 
 
◉ 2 N, 5 N, 6 N NaOH 
 Sodium hydroxide   4 g, 10 g, 12g (2 N, 5 N, 6 N)? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ 1 M Tris-HCl (pH 8.0*) 
 Tris (hydroxymethyl) aminomethane  30.3 g  (1 M) 
 6 N HCl  (pH???)   ?? 
 2 N HCl  (pH???)   ??   ? ? ? ?  
 ↓ pH????? pH 8.0*??? (*pH???????????????) 
 ↓ Milli-Q? 250 mL??????  Total 250 mL Autoclaved 
 
◉ 0.5 M EDTA (pH 8.0) 
 EDTA 2Na?2H2O   46.5 g  (1 M) 
 NaOH (??) (pH???)   ?? 
 5 N NaOH (pH???)   ??   ? ? ? ?  
 ↓ pH????? pH 8.0??? 
 ↓ Milli-Q? 250 mL??????  Total 250 mL Autoclaved 
 
◉ TE????? (pH 8.0) 
 1 M Tris-HCl (pH 8.0)   500 µL  (10 mM) 
 0.5 M EDTA (pH 8.0)   100 µL  (1 mM) ? ? ? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ 10×TAE????? 
 Tris (hydroxymethyl) aminomethane  48.0 g  (40 mM) 
 0.5 M EDTA (pH 8.0)   20 mL  (0.4 M) 
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 Glacial acetic acid    11.4 mL  (0.4 M) ? ? ? ?  
 Milli-Q??????? 1 L?????? Total 1 L  
 ???? 10?????1×???????? 
 
◉ 0.5×TBE????? 
 Tris (hydroxymethyl) aminomethane  53.9 g  (44.5 mM) 
 Boric acid    27.5 g  (44.5 mM) 
 0.5 M EDTA (pH 8.0)   20 mL  (1 mM) ? ? ? ?  
 ?????? 10 L??????  Total 10 L 
 
◉ 3 M??????? (pH 5.2) 
 Sodium acetate, 3-hydrate   40.8 g  (3 M) 
 Glacial acetic acid (pH???)  ??   ? ? ? ?  
 ↓ pH????? pH 5.2??? 
 ↓ Milli-Q? 100 mL??????  Total 100 L Autoclaved 
 
◉ 5 M???????? 
 Ammonium acetate   3.85 g  (5 M) ? ? ? ?  
 ↓ Milli-Q? 10 mL??????  Total 10 mL Filtered (0.22 µm) 
 ↓ ????????−30°C???? 
 
◉ 5 M?????? 
 Potassium acetate    49.1 g  (5 M) ? ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL Autoclaved 
 
◉ 10% (w/v) SDS?? 
 Sodium dodecyl sulfate   10 g  (10%) ? ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL 
 
◉ 6×, 10× Gel loading dye (????????????) 
 Ficoll 400    1.5 g, 2.5 g (15, 25 %) 
 0.5 M EDTA (pH 8.0)   20 µL  (1 mM) 
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 Bromophenol blue   ?? 
 Xylene cyanol FF    ??   ? ? ? ?  
 Milli-Q? 10 mL??????  Total 10 mL  
 
◉ Solution I     
 ?????    0.9 g  (50 mM) 
 1 M Tris-HCl (pH 8.0)   2.5 mL  (25 mM) 
 0.5 M EDTA (pH 8.0)   2.0 mL  (10 mM ) ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL  Autoclaved 
 
◉ Solution II    (????) 
 Milli-Q     4 mL 
 10% SDS    500 µL  (1%) 
 2 N NaOH    500 µL  (0.2 N) ? ? ?  
  Total 5 mL  
 
◉ Solution III    
 5 M????????   60 mL  (5 M, 3 M) 
 Glacial acetic acid    11.5 mL   ? ? ?  
 Milli-Q? 100 mL??????  to 100 mL  Autoclaved 
 
◉ 20% PEG/2.5 M NaCl?? 
 Polyethylene glycol #6,000   20 g  (5 M, 3 M) 
 NaCl     14.6 g    ? ? ?  
 Milli-Q? 100 mL??????  to 100 mL  Autoclaved 
 
◉ 20×SSC?? 
 NaCl     175.3 g  (3 M) 
 Trisodium citrate, 2-hydrate   88.2 g  (0.3 M)?  
 6 N HCl  (pH???)   ?? 
 2 N HCl  (pH???)   ??   ? ? ? ?  
 ↓ pH????? pH 7.0??? 
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 ↓ Milli-Q? 1 L??????  Total 1 L  Autoclaved 
 
◉ 1 M ??????????? 
 Sodium dihydrogen phosphate, 2-hydrate 15.6 g  (1 M) ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL 
 
◉ 1 M ??????????? 
 Disodium hydrogen phosphate, 12-hydrate 35.8 g  (1 M) ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL 
 
◉ 1 M ??????????? (pH 7.0) 
 1 M ???????????  ? 25 mL  (1 M) 
 1 M ???????????  ? X mL  (1 M) ? ? ?  
 ↓ 25 mL ? 1 M???????????? 1 M?????????????? 
   ??pH? 7.0?????? 
 ↓ Autoclaved 
 
◉ 1 M CaCl2  
 Calcium chloride, 2-hydrate   7.35 g  (1 M)          
 Milli-Q? 50 mL??????  Total 50 mL Autoclaved 
 
◉ 1 M MgCl2  
 Magnesium chloride, 6-hydrate  10.2 g  (1 M)          
 Milli-Q? 50 mL??????  Total 50 mL Autoclaved 
 
◉ 1 M MgSO4  
 Magnesium sulfate, 7-hydrate  12.3 g  (1 M)          
 Milli-Q? 50 mL??????  Total 50 mL Autoclaved 
 
◉ 5 M NaCl 
 Sodium chloride    7.3 g  (5 M)          
 Milli-Q? 25 mL??????  Total 25 mL Autoclaved 
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◉ 1 M ?????  
 Glucose     9 g  (1 M)          
 Milli-Q? 50 mL??????  Total 50 mL Filtered (0.22 µm) 
 
◉ 50% (v/v) ????????  
 Milli-Q     50 mL 
 Glycerine    50 mL  (50%)          
      Total 100 mL Autoclaved 
 
◉ 1 M IPTG  
 Isopropyl β-D-1-thiogalactopyranoside 2.38 g  (1 M)          
 Milli-Q? 10 mL??????  Total 10 mL Filtered (0.22 µm) 
 ↓ ????????−20°C???? 
 ↓ ???? 0.1 ~0.5 mM????????? 
 
◉ 20 mg/mL X-gal  
 X-gal     100 mg  (20 mg/mL)? ?    
 N, N-dimethylformamide? 5 mL?????? Total 5 mL 
 ↓ ????????−20°C?????? 
 ↓ ?????? 100 mL??? 200 µL?????????? 
 
◉ 100 mg/mL ??????  
 Ampicillin sodium salt   500 mg  (100 mg/mL)? ?    
 Milli-Q? 5 mL??????  Total 5 mL Filtered (0.22 µm) 
 ↓ ????????−20°C???? 
 ↓ ???? 100 µg/mL (20~200 µg/mL) ?????? 
 
◉ 20 mg/mL ?????? 
 Kanamycin sulfate   100 mg  (20 mg/mL)? ?    
 Milli-Q? 5 mL??????  Total 5 mL Filtered (0.22 µm) 
 ↓ ????????−20°C???? 
 ↓ ???? 20 µg/mL (10~50 µg/mL) ?????? 
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◉ 30 mg/mL ??????????  
 Chloramphenicol    150 mg  (30 mg/mL)? ?    
 ?????? 5 mL??????  Total 5 mL  
 ↓ ????????−20°C???? 
 ↓ ???? 30 µg/mL (30~170 µg/mL) ?????? 
 
◉ 20 mg/mL ???????? 
 Tetracycline hydrochloride   100 mg  (20 mg/mL)? ?    
 Milli-Q? 5 mL??????  Total 5 mL Filtered (0.22 µm) 
 ↓ ????????−20°C?????? 
 ↓ ???? 20 µg/mL (10~50 µg/mL) ?????? 
 
◉ SOC??  
 Bacto tryptone    4 g  (2%) 
 Bacto yeast extract   1g  (0.5%) 
 NaCl     0.1 g  (0.05%) 
 5 N NaOH    40 µL   ? ? ? ?  
 ???? 200 mL??????  Total 200 mL Autoclaved 
 ↓ 60°C?????????????? 1 M?????? 4 mL???????? 
 ↓ 60°C???????????? 1 M MgCl2? 1 M MgSO4????? 2 mL? ?  
   ?????????? 
 ↓ ????????−80°C???? 
 
◉ LB???? 
 NaCl     1 g  (1%) 
 Bacto tryptone    1 g  (1%) 
 Bacto yeast extract   0.5g  (0.5%) ? ? ? ?  
 ???? 100 mL??????  Total 100 mL Autoclaved 
 ↓ 4°C???? 
 ↓ ??????????????????????? 
 
◉ 10 mM MgSO4?? LB???? 
 NaCl     0.5 g  (1%) 
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 Bacto tryptone    0.5 g  (1%) 
 Bacto yeast extract   0.25 g  (0.5%) ? ? ? ?  
 ???? 50 mL??????  Total 50 mL Autoclaved 
 ↓ 60°C??????? 1 M MgSO4? 500 µL????????4°C???? 
 
◉ LB???? 
 NaCl     2 g  (1%) 
 Bacto tryptone    2 g  (1%) 
 Bacto yeast extract   1 g  (0.5%) 
 Ager, powder    3 g  (1.5%) ? ? ? ?  
 ???? 200 mL??????  Total 200 mL Autoclaved 
 ↓ 60°C??????????????????????????????? 
   ??????????4°C???? 
 
 
4-2. ???????  
4-2-1. ?????????? DNA??  
? ???????????? DNA????????????????????
?????? DNA?? 4? 1? 1????????????? (?????No. 
1~6, 9), ????? (No. 10~15), ?????? (No. 16), ???? (No. 17~24) 
???????Blin and Stafford (1976) ?????????????????? 
(Blin and Stafford, 1976)?????????????????????????
???????????? 
 
◉ ????????? 
 1 M Tris-HCl (pH 8.0)   200 µL  (50 mM) 
 0.5 M EDTA    800 µL  (100 mM) 
 10% SDS    200 µL  (0.5%) 
 RNase A (10 mg/mL)   5 µL  (50 µg)? ? ? ?  
 Milli-Q? 3 mL??????  Total 3 mL 
 
1.  ?????????????????????????????????? 
 35 
2.  ?????????????????????????????????
???????????????? 
3.  ??????????????????????????? (1 ????
???????) ??????????????????????????
???????????????????? 
4.  ?????????????????????????????????
????????????? DNA??????????????????
?????????? 
5.  ?? 1??????????????????????????????? 
6.  2 mg? Proteinase K????????????????????????
????????? 
7.  60°C????????????????? 10?????????????
????????????? 
8.  55°C ???????????????????????????8 ???
?????????????????????????????  
9.  ??????????????????????????? 6,000 rpm, 
20°C? 5??????????????? 1 mL??????????? 
(????) ????????????????????????? DNA?
???????????????????? 1 mL???????????
?????? 
10.  ?????????? TE ????????????5~15 ???????
???? 
11.  6,000 rpm, 20°C? 5????????????????????????
?????????????????? 8~9 ?????????????
?????????????? TE?????????????????? 
12.  ?? 10, 11????????? 
13.  ?????????????????:??????:?????????? 
(PCI) , pH 7.9?????5~15??????????? 
14.  6,000 rpm, 20°C? 5????????????????????????
?????????????????? 8~9 ?????????????
?????????????? TE?????????????????? 
15.  ?? 13, 14???? 4???????? 
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16.  ??????????????0.2??? 5 M ?????????????
?????????? 
17.  ?? 16??????????????????????????????
????? 
18.  ??????? DNA ?????????????????70% ????
?????????? 
19.  ??????????????? DNA????5~15????????? 
20.  ??????????? DNA? TE?????? 50~1000 µL??????
? DNA??????????? 
21.  ??? DNA??? 65°C? 5~15?????????????? DNA??
?????????????????? (deoxyribonuclease, DNase) ???
??????? 
22.  ?????? 260, 280, 320 nm?????????????????????
??????????? TE??????????4°C??????? 
 
4-2-2. ????????????????????  
? ??????????????????  (Pulsed-field gel electrophoresis, 
PFGE) ??????? DNA?????????????? DNA??????
?????????????? in vitro??????????????????
???????????????????????? pWEB-TNC™ Cosmid 
Cloning Kit (Epicentre, an Illumina company, Madison, WI, USA) ????????
? (????)?????? (???)????? (????) ????????
?????????????????? Epicentre ????? pWEB-TNC™ 
Cosmid Cloning Kit???????????? (Epicentre, 2012)? 
 
◉ ??????????? 
 1 M Tris-HCl (pH 8.3)   20 µL  (10 mM) 
 5 M NaCl    40 µL  (100 mM) 
 1 M MgCl2    20 µL  (10 mM )? ? ? ?  
 Milli-Q? 2 mL??????  Total 2 mL 
 
1.  10×TAE?????? 1 L??????1×TAE??????????? 
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2.  PFGE ??????????????????????????????
?????????????????????????????????
????????????????? 
3.  ????? SeaPlaque® GTG® Agarose (Lonza?, Rockland, ME, USA) ? 1.8 g
?????1×TAE??????? 180 mL????1% (w/v) ??????
?????????? 
4.  ?????????????????? 60~70°C ?????????? 2
???????????????????????? 
5.  ?????????????????????????????????
?????????????????????????????????
????? 
6.  CHEF Mapper® XA (Bio-Rad Laboratories, Inc., Hercules, CA, USA) ????
??????????????? 3 L??????? 
7.  ????????????????????????????? 
8.  ?????????????????????????????????
?? 3 L? 1×TAE???????????????????1×TAE???
???????????? 
9.  ?????????????????????????????????
?????????????????????????????????
?? 
10.  ?????????????????????????????? 
11.  10×Gel loading dye??????????????????? DNA?????
??????????? 
12.  ?AUTO ALGORITHM?????? 5~100 kbp?14°C??????????
?????????????????????????????????
????? 
13.  ???????????????????????????????? 
(EtBr) ? 30 ???????????????????UV ???????
????????????????? 
14.  PFGE?????? 6?? 7?????????????????????
????? 
15.  ??????????????????? Image J (National Institutes of 
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Health, Bethesda, MD, USA) ???????? DNA???????????
???????????????????????????? DNA ??
??????????????????? 
16.  ???????? DNA???????????????????????
???????? 
?Milli-Q    to 80 µL 
?10×End Repair Buffer  8 µL  (1×) 
?2.5 mM dNTP Mix   8 µL  (0.25 mM) 
?10 mM ATP   8 µL  (1 mM) 
?End Repair Enzyme Mix  4 µL   
???? DNA   20 µg 
17.  ??? 45???????????? 
18.  10×Gel loading dye?????70°C? 10???????????????
??????????? 
19.  ????? 1~12????PFGE?????? DNA???????????
?????????????????????????? DNA ? EtBr ?
?????????????? 18 ???????????? DNA ???
?????????????????????????????????
?????????? DNA?????????? 
20.  ????????????? DNA???????????????????
????????????? 13???????????????????
??? DNA???? 4°C????????? 
21.  ?? 14, 15??????????? DNA???????????????
? UV??????????????? 500 µL????????????
?????????????????????????????????
?? 4°C???????????? 30~45 kbp????????????? 
22.  ???????????????? DNA???????????????
?????????????? 70°C? 10~15?????????????
??????????????? 
23.  ??? 45°C????5????????? 
24.  ??????????? 500 µL???? 10 µL? 50×GELase Buffer???
?????45°C ??????????????????????????
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???????? 
25.  ???????????? 45°C???????GELase enzyme? 3 µL (3U)
???? 
26.  45°C? 30?????????????????????????????
??? 
27.  70°C? 10???????????GELase enzyme??????? 
28.  ?????? 20 µL??????????? 5 M???????????
?????????????? 
29.  15,000 rpm, 20°C? 10??????????????? 1 mL??????
????????????????????????????? 95%??
??????????????????? 
30.  ?????????????? 100% ????????????????4°C
? 30???????????? 
31.  15,000 rpm?20°C? 10????????????????????? 
32.  25 µL? TE??????????????????? 4°C?????? 
33.  ??????? DNA????????????????? 0.7% ????
?????????? 28 ??????????? 32 ?????????
DNA?????????Image J???????????????????
????????????????????????? DNA ?????
???????? 
34.  ??????? DNA????????????????????????
???????????????????????????? DNA???
? 33 ????????????????????? DNA ???????
????????? 
?Milli-Q    to 20 µL 
?10×Fast-Link Ligation Buffer  2 µL  (1×) 
?10 mM ATP   1 µL  (0.5 mM) 
?pWEB-TNC Vector (0.5 µg, ~6 kbp) 1 µL   
?????? DNA (0.3 µg, 30~45 kbp) 0.3 µg?? 
?Fast-Link DNA Ligase  1 µL 
35.  ??? 2???????????????????????? 
36.  70°C? 10???????????Fast-Link Ligase????????? 
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37.  ??????????? 4°C?????? 
38.  in vitro?????????? 2????EPI100-T1®??????????
?????????????????????? LB ?????????
37°C? 12?????????? 
39.  in vitro?????????? 1?????? 38????? EPI100-T1®??
??????????????????50 mL? 10 mM MgSO4?? LB?
????????37°C? 12?????????? 
40.  in vitro???????????????? 39???????????? 5 
mL????50 mL???????? LB?????????OD600? 0.8~1.0
?????? 37°C???????????? 
41.  OD600???????????????????????????????
? 4°C?????? 
42.  ?? 37 ?????????? 10 µL ???????? MaxPlax™ Lambda 
Packaging Extracts ? 25 µL ????????????????????
MaxPlax™ Lambda Packaging Extracts?1???????50 µL??????
????????????? 25 µL????−80°C??????????? 
43.  ?????????????????????????????????
?????????????????????????????????
???????????????? 
44.  ??????????30°C? 90???????????????????
????? 
45.  90??????????????????? 42????????? 25 µL
?MaxPlax™ Lambda Packaging Extracts????????????????
??????????? 30°C ? 90 ?????????????????
??????? 
46.  ????????????????? 
47.  ?????????????????????????????????
???????? 540 µL????????????????? 
48.  ???????????????? 25 µL ??????????????
?????????????????????????????????
?????????????????????????????????
??? 4°C?????? 
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49.  ?? 41? EPI100-T1®??????? 100 µL?????????????
?????????? 48 ?????????? 10 µL ?????????
????OD600???????????????????????????
?????? 
50.  ???????????? EPI100-T1®??????? 37°C? 20????
?????????????????????? 
51.  ???????? LB??????? 50??????? EPI100-T1®???
?????37°C? 14~16????????????EPI100-T1®? DH5α?
??????????????????????????? 
52.  ??????????????????4°C??????? 
53.  ????????????????????? LB???????????
?????????????????????????????????
?????????????????????????????????
?? 
54.  37°C? 8~14????????????????????????????
???? 
55.  ???????????????????? 4°C? 30?????????
???????? 
56.  ????????????? (15×15 cm) ???????????????
?????? 
57.  ?????????????????????????????????
????????????????????? 
58.  ??????????????? LB ????????????????
??????????????????????????????????
?????????????????????????????????
???????????????????????????? 
59.  ?????????????? 56~58 ????????????????
???? 
60.  ??????????????????LB????? 37°C? 8~14???
?????????????????????????????????
?????????????????????????????????
????????????????????? 
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61.  ???????????????????? 4°C?????? 
 
4-2-3. ?????????????????????????????
????  
? ??????????????????????DIG (???????) ??
DNA?????????????????????????????????
????????DIG ?????????????????????????
????? 4 ? 2 ? 2 ?????????????????????????
?????????????????????? Roche Applied Science???
??? DIG Application Manual for Filter Hybridization ??????? (Roche 
Applied Science, 2008)??????????????????????????
???????????????????????????????????
????????????? 
 
◉ ????    (????) 
 5 M NaCl    30 mL  (1.5 M) 
 2 M NaOH    25 mL  (0.5 M )? ? ? ?  
 Milli-Q? 100 mL??????  Total 100 mL 
 
◉ ???? 
 Tris (hydroxymethyl) aminomethane  12.11 g  (1.0 M) 
 NaCl     8.766 g  (1.5 M) 
 6 N HCl (pH???)   ?? 
 2 N HCl (pH???)   ??  ? ? ?  ? ? ?  
 ↓ pH????? pH 7.4??? 
 ↓ Milli-Q? 1 L??????  Total 100 mL Autoclaved 
 
◉ ???????????  (????) 
 ??????    100 mL   
 AG® 501-X8 Resin   5 g   ? ? ?  
 ↓ 4°C? 1???????????????????????? 
 ↓ ????????????????????????????????? 
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   ? AG® 501-X8 Resin????????????? 
 ↓ ????? 4°C?????????????????? 
 
◉ ? SDS?????   (????) 
 SDS     14 g  (7%) 
 N-Lauroylsarcosine Sodium Salt  0.2 g  (0.1% (w/v)) 
 ??????    4 g  (2% (w/v)) 
 20×SSC??    50 mL  (5×) 
 1 M??? Na????? (pH 7.0) 10 mL  (50 mM) 
 Tris (hydroxymethyl) aminomethane  12.11 g  (1.0 M) 
 NaCl     8.766 g  (1.5 M) 
 ???????????   100 mL  (50%) ? ? ?  
 ↓ ????????????????????Milli-Q???????? 
 ↓ ?????????????????????? 
 ↓ Milli-Q? 200 mL???????100 mL?????????? 
 
◉ ???????????????? 
 20×SSC??    50 mL  (2×) 
 10% SDS    5 mL  (0.1%) ? ? ?  
 Milli-Q? 500 mL??????  Total 500 mL  
 
◉ ???????????????? 
 20×SSC??    2.5 mL  (0.1×) 
 10% SDS    5 mL  (0.1%) ? ? ?  
 Milli-Q? 500 mL??????  Total 500 mL  
 
◉ ??????? (Buffer I) 
 Tris (hydroxymethyl) aminomethane  36.3 g  (0.1 M) 
 NaCl     26.2 g  (0.15 M) 
 6 N HCl (pH???)   ?? 
 2 N HCl (pH???)   ??  ? ? ?  ? ? ?  
 ↓ pH????? pH 7.5??? 
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 ↓ Milli-Q? 3 L??????  Total 100 mL Autoclaved 
 
◉ ??????????? (Buffer II) (????) 
 Tween 20    250 µL  (0.1%) 
 ??????    12.5 g  (5%) ? ? ?  
 ???????? 250 mL?????? 250 mL 
 
◉ Anti-DIG??????   (????) 
 Tween 20    200 µL  (0.2%) 
 Anti-Digoxigenin-AP, Fab fragments  5 µL  (3.75 U) ? ? ?  
 ???????? 100 mL?????? 100 mL 
 
◉ ???????????  (????) 
 Tween 20    2 mL  (0.2%) ? ? ?  
 ???????? 1 L?????? 1 L 
 
◉ ??????? (Buffer III)   
 Tris (hydroxymethyl) aminomethane  12.1 g  (0.1 M) 
 NaCl     5.84 g  (0.1 M) 
 6 N HCl (pH???)   ?? 
 2 N HCl (pH???)   ??  ? ? ?  ? ? ?  
 ↓ pH????? pH 9.5??? 
 ↓ Milli-Q? 950 mL??????  Total 950 mL Autoclaved 
 ↓ 60°C????????1 M MgCl2? 50 mL????? 
 
1. DNA???????????????CHO5? CHO3?????????
PCR???????? PfpgPLA 1a (A) [PfPLA 7]? OoPLA2-o3??????
??????? pCR®-Blunt II-TOPO®???? (Thermo Fisher Scientific?, 
Waltham, MA, USA) ????????????????????????? 
2. ?? 1 ????????????? DH5α ??????????????
?????????????????? LB?????????37°C? 12
?????????? 
 45 
3. ?? 2????? DH5α????????????????????4 mL
? LB?????????37°C? 12?????????? 
4. ????????????????????????? High Pure Plasmid 
Isolation Kit (Roche Life Science?, Indianapolis, IN, USA) ????????
??????????????????????? SDS????????
?????? 
5. ????????? 9,000 rpm? 30???????????? 
6. ??? 0.1 mg/mL???????? RNase A????? Suspension Buffer 
250 µL???????????????????????? 
7. ?????? Lysis Buffer? 250 µL???????? 4~6???????? 
8. ??? 5??????????????????? RNA?????? 
9. ?? 8????????? Binding Buffer? 350 µL????6~8?????
??? 
10. ??? 5???????????????????????? DNA???
?????? 
11. 15,000 rpm, 4°C? 10?????????????????? 
12. Collection Tube? High Pure Filter Tube??????????? 11????
???????????? 
13. 13,000 rpm, 4°C? 1??????Collection Tube???????????High 
Pure Filter Tube?Wash Buffer I? 500 µL????? 
14. 13,000 rpm, 4°C? 1??????Collection Tube???????????High 
Pure Filter Tube?Wash Buffer II? 700 µL????? 
15. 13,000 rpm, 4°C? 1??????Collection Tube????????????
? 13,000 rpm, 4°C? 1??????? 
16. High Pure Filter Tube? Collection Tube????????????????
?????????100 µL?Milli-Q?????? 
17. 13,000 rpm, 4°C? 1????????????????????????
?????????????????? 4°C?????? 
18. ??????????????? 17?????????????????
???? 
?Milli-Q    to 50 µL 
?10×H buffer   5 µL  (1×) 
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??????????  5~20 µg 
?EcoR I (12 U/µL)   1.67 µL  (20 U) 
?EcoR V (10 U/µL)   2 µL  (20 U) 
19. 37°C??1~3???????????????????? 
20. ??????0.5×TBE?0.8% ?????????????? 19?????
?????????????? 
21. ??????EtBr? 5~30????????5~10???????? 
22. 70% ??????? UV ??????????????????????
?????????UV????????DNA??????????? (10
????????) ?????????????????????????
PfpgPLA 1a (A) [PfPLA 7] ???? 1,206 bp?OoPLA2-o3???? 1,217 bp
???? 
23. ?????????????????????????????????
? DNA????????????????? 
24. ?????????????????????????????????
??????????????????????????????? 
25. ???????????? TE????????????????????
?????????? 
26. TE???????????????−80°C? 30????????????
???? 
27. ???????????????????????????? 
28. ???????????? 15,000 rpm?20°C? 5???????????
?????? 
29. ??????????? PCI????????????????????? 
30. 15,000 rpm?20°C? 5????????????????? 
31. ?? 29, 30???????????????? 0.1??? 3 M??????
?? 2~2.5??? 100% ??????????? 
32. ?????????−80°C? 10?????−30°C? 1?????????
????? 
33. ??????????????15,000 rpm?4°C? 30??????? 
34. ??????????????????? 
35. 70% ???????????15,000 rpm?4°C? 1~5??????DNA?
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???????????? 
36. ?????????????????????????????  
37. 12 µL? TE?????? DNA??????????????? 4°C??
??? 
38. ?? 37?????? DNA??? 1 µL??????????????? 
39. DNA?????????????? 10~3,000 ng???????DNA??
?????????? 38??????????????????????
DNA??????????? 38???????? 11 µL??????? 
40. ?? 37?????? DNA??? 4 µL?Milli-Q?????? 15 µL??
? DNA??? 95°C??????????????????????95°C
? 10???DNA???????? 
41. ???????????????????????????? DNA???
???????????? 10?????????? 
42. ????????????????????Klenow Fragment??????
?????????????????????????????????
?????????????? 
?Hexanucleotide Mix, 10×  2 µL  (1×) 
?DIG DNA Labeling Mix, 10×  2 µL  (1×) 
?Klenow Fragment (2 U/µL)  1 µL  (2 U) 
43. ?? 42?????????? 41????? DNA???????????
?????????????????37°C? 20???????????? 
44. ???????????0.2 M EDTA? 2 µL?????????????
????? 
45. 4 M??????? 2 µL??? 100% ?????? 60 µL????−30°C
? 30???????????? 
46. 15,000 rpm?4°C ? 15 ???????????????????????
??? 
47. ?? 70% ?????? 180 µL????15,000 rpm?4°C? 2??????
????????? 
48. ????????????????? 
49. ???? TE?????? 20 µL??????????????−20°C??
?????????????? DNA?????????????????
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????? DIG ?? DNA ?????????????????????
?????????????????????????????????
????????????????????????? 
50. ? 4? 2? 2?????????????????????????? 4°C
? 30?????????????????????? 
51. ?????????????????????????????????
?????????????????????????????????
????? 
52. Hybond-N+ (GE Healthcare UK Ltd., little chalfont, UK) ?????????
?????????????????????????????????
?????????????????????????????????
???????????????? 
53. ??????????????????????????????????
????????????????????????????????? 
54. ?????????????????? 1 ??????????????
??????????????? 
55. ?????????????????????????????????
?????????????????????????????????
????????????????????? 
56. ????????????????? 1.5 mL ?????????????
???????????????????????????15 ?????
?????????????????????? 
57. ?????????????????????????????????
?????????????????????????????????
??????? 
58. ????????????????? 1.5 mL ?????????????
???????????????????????????15 ?????
????????????????????? 
59. ?????????????????????????????????
?????????????????????????????????
??????? 
60. ????????????2×SSC??? 1.5 mL ????????????
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???????????2×SSC???????????????10???
?????????????????????? 
61. ?????? 2×SSC????????????????????????
???UV??????????? (?????? UV?????????
????) ???????? 1???? UV??????????????
???????? 80°C?30???????????????? 
62. 1 mg/mL ?????????Proteinase K?2×SSC???????Proteinase 
K??????????????????????? Proteinase K????
? 1.5 mL???????????? Proteinase K???????????
?? 
63. ?????????????????????????????37°C ? 1
?????????????????????????????????
?????????????????????????????????
????? Proteinase K??????????????? 
64. ?????????????????????????????????
???????????Milli-Q ???????????????????
?????????????????????????????????
????????????????????? 
65. ?????????????????????????????????
????????????????????????? 64???????
???? 
66. ?????????????????????????????????
?????????????????????????????????
??????????????????????? 4°C??? 
67. ?????????????????????????????????
???? 45°C???????? SDS?????? 100 mL????45°C?
1????????????????????? 90 mm????????
??? 8~12????????????????????????????
????????????????????????? 
68. ?? 49???????? DIG?? DNA????? 98°C???????
???????????????98°C? 5???????????DIG?
? DNA???????????? 
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69. ????????????????????????? DIG ?? DNA ?
??????????????????? 10?????????? 
70. ?????????????????? SDS?????????????
45°C??????? 100 mL?? SDS??????????DIG??DNA
?????????????????????????????????
????? 
71. 45°C?~12????????????????????????????? 
72. ??????????????????????????? 250 mL???
??????????????????????????????? 5 ?
??????????????????? 
73. ?????????????????????????????????
??????????? 250 mL????? 72????????????
??? 
74. ??????????????????????????68°C ?????
??????????????????? 250 mL???68°C? 15???
?????????????????? 
75. ?????????????????????????????????
????????????? 250 mL????? 74??????????
????? 
76. ?????????????? 300 mL???1????????????
????????????? 2?????? 
77. ??????250 mL ??????????????????????4°C
? 90???????????????????? 
78. ?????????????????????????????Anti-DIG
??????? 100 mL???????????????????????
30???????????????????????? 
79. ?????????????????????? 300 mL????????
??????????????? 15?????????????????
?? 2?????? 
80. ?????????????? 100 mL????????????? 5??
??? 
81. 90 mm???????? 1?????????????????????
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???? CDP-Star (25 mM) ? 1 µL????????? 1 mL??????
??????????? CDP-Star??????????????????
??????????????? 
82. ????? X ???????????????????????????
?????????????????????????????????
????????????? 
83. ?????? CDP-Star????????????????????????
????????? CDP-Star????????????????????
????? 
84. CDP-Star ?????????????????????????????
?? 83????X??????????????????????????
?????????????????????? 
85. X ?????? X ???????????????X ?????????
????????????????? 40?????????? 
86. ?????????????????????????X ?????? X
??????????????????????~???????????
?????????????????????????????????
???????????????? 
87. ?????????????????????????????????
?????????????????????????????????
????????????????????????? 
88. ??????????????????????????????? LB
????? 37°C?8~12?????????????? 1 mL? 50% ???
????????? 12~15%?????????????????????
????????????????−80°C?????? 
89. ?? 88??????????????????????????  
?Milli-Q    4.62 µL 
?2×PCR Buffer for KOD FX  10 µL  (1×) 
?2 mM dNTPs    4 µL  (0.4) 
?CHO5????? (25 µM)  0.24 µL  (0.6 µM) 
?CHO3????? (25 µM)  0.24 µL  (0.6 µM) 
???????   0.5 µL  (2.5%) 
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?KOD FX DNA Polymerase (1 U/µL) 0.4 µL  (0.4 U) ? ? ?  
     Total 20 µL 
90. ???????????PCR?????????????????? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?2?? 
↓ 
 Preservation   4°C?∞ 
91. PCR ???????????????????????????????
??????? PCR ??? pCR®-Blunt II-TOPO®???????????
?????????????????????????????????
?????????????????????????????????~
???????????????????????? 4? 2? 7~10???
?????????????????????????????????
??????????????????????????? 
 
4-2-4. ?????????????????????????  
? ????????????????????????? DNA???????
?????????????????????? QIAGEN Large-Construct Kit 
(QIAGEN?, Hilden, Germany) ?????????????????? DNA?
?????????? SDS (??????????) ???????? DNA?
??? 4 ? 2 ? 9 ??????? DNA ?????????????????
DNA ????????????????? DNA ?????????????
????????? 1 mL????????????? 
 
◉ 100 mM ATP?? 
 Adenosine-5’-triphosphate   0.3 g  (100 mM)? ? ?  
 ↓ 25 mM Tris-HCl (pH 8.0) ? 5 mL?????? 
 ↓     Total 5 mL Filtered (0.22 µm) 
 ↓ ????????−20°C???? 
 
× 25???? 
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1. ?????????????????????????????????
??????? LB?????????37°C? 8~12????????? 
2. ?????????? 5 mL ????????? LB ?????????
37°C?~8????????????????????????????? 
3. ?? 2???????????? 1 mL? 500 mL???????????
? LB ?????????37°C ? 12~16 ???????????????
??????????????????????? 12~16????????
?????????? SDS ?????? DNA ????????????
??????????????? 
4. ???????? 500 mL???????????????6,000×g?4°C?
15???????????? 
5. ??? 100 µg/mL???????? RNase A???? Buffer P1 20 mL??
?????????????????????? 
6. ????????????????Buffer P2? 20 mL???????? 4~6
??????????? 5??????????????????? RNA
?????? 
7. ?? Buffer P3??? 6?????????????4~6????????
??????? 10??????????????????????? DNA
????????? 
8. 20,000×g?4°C? 30?????????? DNA??????????? 
9. Milli-Q?????Folded filters????????????????????
???? DNA?????? Folded filters?????????? 
10. 0.6????????????????????????????????
15,000×g?4°C? 30??????? 
11. ????????70% ?????? 5 mL ?? DNA ?????????
15,000×g?4°C? 15??????DNA????????????????
???? 
12. DNA???????????????????????????????
??????2~3??????????????????????????
?????????????????????????????????
?????????? 
13. ???? DNA????? Buffer EX? 9.5 mL?????????????
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?????? DNA????????????????????? 
14. 200 µL? ATP-Dependent Exonuclease? 300 µL? 100 mM ATP?????
? DNA ?????????????37°C ? 1 ????????????
?? DNA????????? 
15. QIAGEN-tip 500? Buffer QBT? 10 mL??????????? 
16. ??? DNA?????????? DNA??? Buffer QS? 10 mL???
??? Buffer QBT ??????????????????? QIAGEN-tip 
500???????? 
17. QIAGEN-tip 500 ?????????????30 mL ? Buffer QC ?
QIAGEN-tip 500???????????????? 2?????? 
18. ??? 65°C??????? 15 mL?Buffer QF?QIAGEN-tip 500????
????QIAGEN-tip 500?? DNA??????? 
19. 0.7 ?????????????? DNA ?????????????
15,000×g?4°C? 30??????? 
20. ????????70% ?????? 5 mL ?? DNA ?????????
15,000×g?4°C? 15??????DNA????????????????
???? 
21. DNA????? 5~10???????2 mL? TE???????????
?????????????????????????????????
????????????????????????????????? 
22. ??????????????????????????? 4°C???? 
23. ???????? DNA???????????????????????
?????????????????????????? 
24. ??????????????M13 Forward (-47) ? T7 Promoter????
?????????????????????????????????
????????? DNA? 5’? 3’??????????????????
????????????? 4? 2? 10????????? 
25. ???? DNA ??????????????????????????
?????????????GS FLX+???? (454 Life Sciences, a Roche 
company, Branford, CT, USA) ????????????????? 
 
4-2-5. ????? PCR 
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? ???? KOD –Plus– DNA Polymerase (TOYOBO Co., Ltd., Osaka, Japan) ??
??????? PCR??????????????????????????
???????? DNA???????????????????? 4? 2? 7
???TOPO??????????????????????????????
??????????? Taq polymerase ??? PCR????????????
??????? 4 ? 4 ? 2 ???????????????????????
DNA????? (No. 3), ????? (No. 10), ?????? (No. 16)????
? (No. 7? 24) ????????????????????????????
???? DNA?????????????????? 7??????????
???????????? PCR???? Amplify3?? Amplify4?????? 
(Bill Engels, 2015, University of Wisconsin) ?????PCR??????????
???????????????????????????????????? 
 
1. ????????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
????????? (25 µM)  0.6 µL  (0.3 µM) 
???????????? (25 µM) 0.6 µL  (0.3 µM) 
???? DNA (100 ng/µL)  0.5~2.0 µL (1~4 ng/µL) 
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
2. ???????????????? PCR???????? 3????? PCR
???????????????????????????Tm?????
????? 2????? PCR????????3????? Annealing??
??????????Tm?????±5°C??????????????? 
◉ 3???? 
 Predenature   94°C?2??  
 ↓ 
 Denature   98°C?10?? 
 Annealing   X°C?30?? × 25???? 
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 Extension   68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
◉ 2???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
3. 0.5×TBE??????????0.5~2% ??????????????PCR
?????????? 
4. ???????? EtBr ????????UV ?????????????
??????????PCR ??????????? 4°C ????????
?????? EDTA ????????????????????????
?????????????????????????????? 4 ? 2
? 3? ?? 20-38???????? 
5. Image J????????????????????? DNA??????
?????????????????????????????????
? DNA????????????? 
 
4-2-6. Ligation-mediated PCR 
? ???? KOD –Plus– DNA Polymerase? TaKaRa LA PCR™ in vitro Cloning Kit 
(Takara Bio Inc., Shiga, Japan) ???? Ligation-mediated PCR????????
?????????????????????????? DNA???????
????????????? 4? 2? 7??? TOPO???????????
?????????????????????????????? Taq 
polymerase ??? PCR??????????????????? 4? 4? 2?
?????????????????????? DNA????? (No. 3), ??
??? (No. 10), ?????? (No. 16)????? (No. 7? 25) ??????
?????????????????????????? DNA???????
??????????? 7?????????????????????? PCR
× 25???? 
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???? Amplify3?? Amplify4?????? (Bill Engels, 2015, University of 
Wisconsin) ?????PCR ???????????????????????
?????????????????????? 
 
1. EcoR I, Hind III, Pst I, Sal I, Sau3A I, Xba I????? 6?????????
?????????????????????????????????
20 µg???? DNA????????????????????????
????????? 
2. ???????????? DNA??????? TE??????????
???????????????????????????? 
3. 15,000 rpm?20°C? 5???????????????????????? 
4. ??? PCI?????????????????????????????
???????? 
5. 15,000 rpm?20°C? 5???????????????????????? 
6. ?? 4, 5???????? 
7. ??????? 0.1??? 3 M???????? 2~2.5????? 100% ?
?????????????????? 
8. −80°C? 10??????−30°C? 1?????????????????
????? 
9. 15,000 rpm?4°C? 30??????DNA???????????????
????? 
10. 70% ????????????15,000 rpm?4°C ? 2~5 ??????DNA
?????????????????????????????????? 
11. ????????? DNA????? 1~10???????? 
12. ?????????????? DNA?????Milli-Q? 10 µL????
????? 
13. ????????????????????????? Cassette? TaKaRa 
LA PCR™ in vitro Cloning Kit?????????????????????
???????Sau3A I Cassette? 6?????????????????
? DNA????????????? Sau3A I Cassette? 10???????
??? 
?????????? DNA  10 µL  (~20 µg) 
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????? Cassette?? (20 ng/µL) 2.5 µL  (50 ng) 
?Ligation High   56.25~12.5 µL (0.5~1??) 
14. 16°C?30??~1?????????????????????? 
15. ?? 2~11??????????PCI??????????????Cassette
????? DNA?????? 
16. ????? Cassette????? DNA????? 5 µL? TE???????
????????????? 4°C?????? 
17. ????????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?Cassette Primer C1 (25 µM)  0.6 µL  (0.3 µM) 
??????????? (25 µM) 0.6 µL  (0.3 µM) 
?Cassette????? DNA  0.5~1.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
18. ?????????? 1st PCR????? 
◉ 2???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?10?? 
↓ 
 Preservation   4°C?∞ 
19. 0.5×TBE??????????0.5~2% ??????????????PCR
?????????? 
20. ???????? EtBr ????????UV ?????????????
?????????????????????????????????
? PCR??? 4°C?????????????? EDTA????????
?????????????????????????????????
???? 
× 20???? 
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21. ????????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?Cassette Primer C2 (25 µM)  0.6 µL  (0.3 µM) 
?????? Nested?????(25 µM) 0.6 µL  (0.3 µM) 
?1st PCR????   0.5~1.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
22. ?????????? 2nd PCR (Nested PCR) ????? 
◉ 2???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?5?? 
↓ 
 Preservation   4°C?∞ 
23. 0.5×TBE??????????0.5~2% ??????????????PCR
?????????? 
24. ???????? EtBr ????????UV ?????????????
?????????????????????????????????
?? 2nd PCR???????????? PCR??? 4°C????????
?????? EDTA ????????????????????????
?????????????????????????????????
????????? 4? 2? 3? ?? 20-38???????? 
25. Image J????????????????????? DNA??????
?????????????????????????????????
? DNA????????????? 
 
4-2-7. TOPO??????  
? ????KOD –Plus– DNA Polymerase?????????????DNA??
× 25???? 
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? pCR®-Blunt II-TOPO®???? (Thermo Fisher Scientific ?, Waltham, MA, 
USA) ???????????????????????????? Taq 
polymerase ????????????? DNA ??????????????
?? 4? 4? 2????????? 
 
1. ????????????????????PCR ???????????
????????????????????????????? DNA ?
???????????????TOPO????????????????
???? TOPO?????????? DNA = 1?0.5~2?????????
???? 6 µL ??????????????????????????
pCR®-Blunt II-TOPO®????????????????? DNA ????
???????????????????? 
?Milli-Q    to 3 µL 
?Salt Solution   0.5 µL   
?Fresh PCR product   0.5 µL ? ? ? (Molar ratio, 0.5~2) 
?pCR®-Blunt II-TOPO® vector (10 ng/µL) 0.5 µL ? ? ? (Molar ratio, 1) 
2. ????????? 5~30???????????? 
3. ????? 4°C?????? 
 
4-2-8. ???????????  
? ???????????? DNA ???????????? (DH5α, JM109) 
???????????????????????????????????
??????? 
 
1. ?????????????????????? 20 µl ?−80°C ????
???????????? 
2. ???????????????????????? 2 µL???????
??????????????????? 
3. ??????????????????? 30???????????? 
4. 30 ????????????????????????????????
???????????????????? 42°C???????????
?? 45~60???????????????????????? 
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5. ???????????????????????? 3 ????????
???? 
6. 3?????????????????????????????????
??????? SOC??? 100 µL????30~60?? 37°C??????
???????????β-??????????????????????
?????????????????????????????????
?????????????????????????????????
?????????????????????????????????
?????????????????? 
7. ??????????????????????X-gal????? LB??
??????????????????????????? 1 M IPTG? 20 
µL????????????????????????????????
????????DH5α ? LacIq ???????????IPTG ?????
?????? 
8. 37°C? 10~14?????????????????????? 
9. ?????????????????????????? 4°C?????? 
10. ???? 4~5 mL??????????????????? LB?????
????????????????????????????? 
11. ??????????????????????????????? LB?
????????? 
12. 37°C? 8~12????????? 
13. ??????????????????? DNA??????? 4°C???
??? 
 
4-2-9. ????? DNA??  (???? SDS?) 
? ???????? SDS ????????? DNA ????????????
?? 
1. LB ?????????????????? 1.5 mL ??????????
????6,500 rpm?4°C? 5???????????? 
2. ????????????????????????????Solution I?
100 µL??????????? 5??????????????????
????? 
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3. Solution II???????? 
4. ?????? Solution II ? 200 µL????4~6???????????? 
5. ??? 5??????????????????? 
6. 5????????????????? Solution III? 150 µL??????
?? 6~8???????? 
7. ??? 10 ????????????????????? DNA ?????
???? 
8. PCI? 100 µL????5?????????????????????? 
9. 15,000 rpm???? 5???????????????????? 400 µL?
????????????????? 
10. ??????? 0.1??? 3 M???????? 2~2.5??? 100% ???
???????????????????? 
11. 4°C??????? 5?????????????????????? 
12. 15,000 rpm?4°C? 5????????????????????????
?????????? 
13. ??????????? 70% ???????????15,000 rpm?4°C? 2
????????????????????? 
14. ???????????????????? 10~15??????? 
15. 1:1000??????RNase A (10 mg/mL) ? TE??????????RNase
???? (10 ng/µL) ????????? 
16. ??????????? RNase A????? 50 µL??????????
?????????????????? 
17. ???????????????????????????????? EcoR 
I?????????????????????????????????
????????????? 
?Mill-Q    to 7.75 µL 
?10×H buffer   1 µL  (1×) 
?EcoR I (12 U/µL)   0.25 µL  (3 U) 
18. RNase A?????????????? 1 µL?????????????
?????????????????? 
19. RNase A ?????????????????????????????
??? 37°C????? 60???30????????????RNase A?
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?? RNA?????????????????? DNA????????
???? 
20. 0.5×TBE??????????1% ????????????? 
21. ????????????????????2 µL? 6×Gel loading dye??
?????????????????????????????????
??????????????????? 
22. ???????????????? EtBr ? 5~30 ???????????
????UV????????????????????????????
DNA??????????????????????? 
23. ?? 22????????RNase A??? RNA????????????
????20% PEG/2.5 M NaCl??? 30 µL????5?????????
???????4°C? 1???? PEG?????? 
24. PEG???????????? 15,000 rpm?4°C? 30??????? 
25. ??????????????????????????70% ?????
???????15,000 rpm?4°C? 5?????????????????? 
26. ??????????????????????????????? 5~15
????????? 
27. ?????????? DNA????? TE?????? 20 µL?????
??????????? 
28. ?? 22 ??????????????????? DNA ????????
?????????? 4°C?????? 
 
4-2-10. ????????????????????  
? ???? BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, a 
Thermo Fisher Scientific Inc., Waltham, MA, USA) ??????????????
?????? Applied Biosystems 3130xl Genetic Analyzer (Applied Biosystems, a 
Thermo Fisher Scientific Inc., Waltham, MA, USA) ??????DNA?????
????? DNA????????????????????????????
????????????: M13 Forward (−20), M13 Reverse, T3 Promoter, T7 
Promoter???????????, ????? Zero Blunt® TOPO® PCR Cloning 
Kit ?? TOPO® TA Cloning® Kit for Sequencing (Thermo Fisher Scientific ?, 
Waltham, MA, USA) ??????????????????????????
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???????? Genenet???????????? 
 
1. ????????????Milli-Q?????1.6 pmol/µL????????
????????????????Zero Blunt® TOPO® PCR Cloning Kit??
TOPO® TA Cloning® Kit for Sequencing???????M13 Forward (−20), 
M13 Reverse, T3 Promoter, T7 Promoter????????????????
20.35, 19.25, 16.45, 16.40 pmol/µL?????????Genenet??????
??????????????????? 100 pmol/µL???????? 
2. ?????????? 1 ?????????????????????
DNA??? 75~150 ng, ???? DNA??? 0.25~0.5 µg?PCR?????
0.5~25 ng?????????????????????????????
???????????? DNA????? DNA???????????
????????? 98°C ? 10 ?????????????? 5 ????
????????? 
3. ????????????????????BigDye Terminator?????
?????????????????????????????????
???????????????BigDye Terminator v3.1????????
????????????????????????? BigDye Terminator 
v3.1 ???????−30°C ?????????????????? BigDye 
Terminator v3.1????????? BigDye Terminator v3.1???????
−30°C?????????????? 
?Milli-Q    to 10 µL 
?5×Sequencing Buffer   2 µL  (1×) 
???????????? (1.6 µM) 1 µL  (0.16 µM) 
??????? DNA   X µL   
?BigDye Terminator v3.1 (Pre-Mix) 0.5 µL 
4. ?????????????????????????????????
?????????????????????????????−20°C??
?????? 
 Predenature   96°C?1??  
  ↓ 
 Denature   96°C?10?? 
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 Annealing   50°C?5?? × 25???? 
 Extension   60°C?4?? 
↓ 
 Preservation   4°C?∞ 
5. ??????????? 1.5 mL????????? 125 mM EDTA? 2.5 µL
??????? 
6. ?????????????????????????? 125 mM EDTA?
????????????????????????????? 
7. 100% ?????? 30 µL????????????????????? 
8. ??????? 15?????????????????????? 
9. ?????????????????????????????????
???? Running Buffer????????????? 4°C???? 
?Milli-Q    45 mL 
?10×Running Buffer   5 mL 
10. ??????????????????Applied Biosystems 3130xl Genetic 
Analyzer???????????????????????????Windows 
OS????????????????????????????????
????Applied Biosystems 3130xl Genetic Analyzer???????????
????????????????????????????? 
11. ??????????????15,000 rpm???? 20???????? 
12. ???????????????Applied Biosystems 3130xl Genetic Analyzer
??????????????????????Applied Biosystems 3130xl 
Genetic Analyzer ?????????Windows ??????? Run 3130xl 
Data Collection v3.0 ???????????????????Applied 
Biosystems 3130xl Genetic Analyzer??? TRAY????????????
????????????? 
13. ?????????????????????????????????
??????????????????????????? Mill-Q ???
??????????????????Milli-Q????????????
?????????????? Running Buffer?????????????
???????????????????? 
14. ??????????????????????Milli-Q????????? 
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Running Buffer???????????????????????????
?????? 
15. ?????????????????????????????????
????????????? (??? 1????????????????
2 ?????????????????? 3 ??????????????
?? 4???????????????)???????????????
??????????????????????????????? 
16. ?????????????????????????????????
???????????????????? 
17. 70% ?????? 100 µL??????????????????????
??????????????????????????? Dye ????
??? 
18. 15,000 rpm???? 10???????????????????????
??????????????????????????? 
19. ???? 10~15??????????????????? Hi-Di Formamide
? 20 µL????????????????????? DNA??????
?????????????????? 4°C ????−20°C ??????
?? 
20. Hi-Di Formamide????30~90???????????????????
??96 ??????????????????????????????
? Hi-Di Formamide? 20 µL?????????????????????
????????????????????????? 
21. ??????????????????? 96?????????????
??????????????????????????????????
????????????????????? 
22. TRAY ??????????????????????????????
?????????????????????????????????
????????????????? 
23. Run 3130xl Data Collection v3.0???????????????????
Plate Manager?????????????? 
24. ?????????Sequencing Analysis Plate Editor???????????
?????????????????????????????????
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????????????????????? 
25. ?????????Plate Manager???????????????? 
26. Run Scheduler > Plate View > Find All?????????????????
??????????? Plate Position Indicator???????Plate Position 
Indicator??????????????????????????????
??????????? 
27. ?????????Run View????????Start Run????????
???????????????????????? 
28. ??????TRAY ????????????????????????
?????????????????????????????????
??????????????????? 
29. ???????????????????????Milli-Q?????? 
30. Sequencing Analyzer 5.2????????????????? 
31. File > Add Samples????????????????????????? 
32. ????????????????Show > Start????????????
?????????????????????? 
33. File > Exit????Sequencing Analyzer 5.2???????????????
??????????????? 
34. Run 3130xl Data Collection v3.0??????? Service Console > Stop All?
????????????????????? 
35. Applied Biosystems 3130xl Genetic Analyzer???????????????
???????? 
36. ????????????? Finch TV?????? (Geospiza Inc., Seattle, 
WA, USA) ???????? 
 
 
4-3. ??????????????  
4-3-1. ??????? RNA??  
? ???? ISOGEN (Nippon Gene Co., Ltd., Tokyo, Japan) ?????????
RNA ??????????????????????? RNA ?? 4 ? 1 ? 1
????????????? (?????No. 7, 8), ???? (No. 25) ????
???????????????????????????????
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RNase/DNase-Free ???????????????????????????
?????????????RNase Quiet (Nacalai tesque, Inc., Kyoto, Japan) ??
? RNase ???????????????????????????????
?????????????????????????????????? 
 
1. RNase-Free???????????RNase Quiet????????????
??????????????????????????????? RNase
?????????????????????????????????
??????????? 
2. ?????????????????????????????????
????????RNase ??????????????????????
????????? RNase ?????????????????????
?????????????????????????????????
??? 
3. ???? RNase Quiet? RNase????????????????????
?????????????????????????????????
?????? 
4. ??? RNase/DNase-Free?????????? ISOGEN? 1 mL????
??? 
5. ??????????????????????????? (0.5 ????
???????) ??????????????????????????
???????????????????????? 
6. ?????????????????????????????????
?????????????????????????????????
??????????????? 
7. ??????????? ISOGEN ??????????????????
????????????????? ISOGEN ????????????
?????????? RNase ????????????????????
?? ISOGEN??????? 
8. ??????? ISOGEN ???????????? 5 ?????????
??? 
9. 12,000×g?4°C? 10??????????????????? 
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10. ????????????????????????????RNase/ 
DNase-Free?????????????????????? 200 µL????
15??????????????? 2~3???????????? 
11. 12,000×g?4°C ? 15 ????????????????????????
??? RNase/DNase-Free???????????? 
12. ?????????????15??????????????? 2~3??
?????????? 
13. 12,000×g?4°C ? 15 ????????????????????????
??? RNase/DNase-Free???????????? 
14. DNA?????????????????????????? 12, 13??
???? 
15. ???????0.8????????????????? 
16. ??? 5~10???????????? 
17. 12,000×g?4°C? 10?????????? RNA????????????
????????70% ?????? 1 mL???? 
18. ??????????????7,500×g, 4°C? 5???????? 
19. ????RNA???????????????????????????? 
20. ??????RNase-Free??? 50 µL????RNA??????????? 
21. 60°C? 15????????????????????????? 
22. ?????? 260, 280, 320 nm?????????Total RNA??????
???????−80°C??????? 
 
4-3-2. 1st strand cDNA??  
? ???? SMART™ cDNA Library Construction Kit (Clontech Laboratories Inc., 
Palo Alto, CA, USA) ? ReverTra Ace® qPCR RT Master Mix with gDNA Remover 
(TOYOBO Co., Ltd., Osaka, Japan) ???? 1st strand cDNA?????????
??????????????SMART™ cDNA Library Construction Kit????
???????????? cDNA ????????????cDNA ?????
?????5’ RACE?3’ RACE??????????ReverTra Ace® qPCR RT Master 
Mix with gDNA Remover???????? cDNA??????????????
?? DNA ????????????? PCR ???????????????
???????????????????????RNase/DNase-Free ????
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????????????????????????????????????
RNase Quiet (Nacalai tesque, Inc., Kyoto, Japan) ??? RNase?????????
???????????????????????????????????
????????????????????? 
 
■ SMART™ cDNA Library Construction Kit???? cDNA??? 
1. ??????????????? Total RNA??????????? Total 
RNA? 1 µg???RNase/DNase-Free? 0.2 mL????????????
????????????????? 
?RNase-Free Water   to 5 µL 
?Total RNA    X µL  (0.2 µg/µL) 
?SMART IV Oligonucleotide (12 µM) 1 µL  (2.4 µM) 
?CDS III/3’ PCR Primer (12 µM) 1 µL  (2.4 µM) 
2. ?? 1???????? 72°C????????????????????
??72°C? 2???????????RNA???????? 
3. ???????????????????????????? RNA???
???????????? 2?????????? 
4. ?????????????????????????? 
5. ??? RNA??????????????????????? 
?5×First-Strand Buffer   2 µL  (1×) 
?20 mM DTT   1 µL  (2 mM) 
?10 mM dNTP Mix   1 µL  (1 mM) 
?SMARTScribe™ MMLV Reverse Trans-  
? criptase (100 U/µL)   1 µL  (100 U) 
6. ?????????????????????????????????
??? 
7. ????????????? 42°C? 1????????????????
?????????????????????1st strand cDNA?????
???25 mM NaOH? 1 µL????68°C? 30????????????
?????????−30°C ????????????? RACE ?????
?????? 1st strand cDNA? Long Distance PCR (LD-PCR) ?????? 
8. 0.2 mL????????????????????????????? 
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?Milli-Q    to 100 µL 
?1st strand cDNA   2 µL 
?10×Advantage 2 PCR Buffer  10 µL  (1×) 
?50×dNTP Mix   2 µL  (1×) 
?5’ PCR Primer (10 µM)  2 µL  (0.2 µM) 
?CDS III/3’ PCR Primer (10 µM) 2 µL  (0.2 µM) 
?50×Advantage 2 Polymerase Mix 2 µL  (1×) 
9. ?????????????????????????????????
??????????? 
10. ???????????1st strand cDNA???????? 
 Predenature   95°C?20??  
  ↓ 
 Denature   95°C?5?? 
 Annealing, Extension  68°C?6?? 
↓ 
 Preservation   4°C?∞ 
11. ????? 1st strand cDNA??????−30°C?????? 
 
■ ReverTra Ace® qPCR RT Master Mix with gDNA Remover???? cDNA??? 
1. ??????????????? Total RNA??????????? Total 
RNA ? 0.1 µg/µL ??????? Total RNA ???? 10 µL ? RNase 
/DNase-Free ? 0.2 mL ???????????????????????
RNase-Free??????? 
2. 0.1 µg/µL??????? Total RNA???? 10 µL? 65°C???????
???????????????65°C? 5???????????RNA?
??????? 
3. ???????????????????????????? RNA???
???????????? 5?????????? 
4. ?????????????????????????????????
????????? 
?4×DN Master Mix   220 µL 
?gDNA Remover   4.4 µL 
× 20???? 
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5. ?? 3, 4????????????????????????????? 
?4×DN Master Mix (+ gDNA Remover) 2 µL  (1×) 
?RNA?? (0.1 µg/µL)  5 µL  (0.5 µg) 
?RNase-Free Water   1 µL 
6. 37°C? 5?????????????? DNA??????? 
7. ??? DNA???????? RNA??? 5×RT Master Mix II? 2 µL??
?????????? 
8. ?????????????????????????????? 
↓ Reverse transcription   37°C?15?? 
↓ Reverse transcription   50°C?5?? 
↓ Heat inactivation   98°C?5?? 
↓ Preservation    4°C?∞ 
9. ????? 1st strand cDNA?−30°C??????????? 
 
4-3-3. ??? PCR 
? ??????? PCR?????????????????????????
? DNA?? 4? 3? 2?? SMART™ cDNA Library Construction Kit? ReverTra 
Ace® qPCR RT Master Mix with gDNA Remover????????? cDNA???
?????????????????? SMART™ cDNA Library Construction Kit
????????? ReverTra Ace® qPCR RT Master Mix with gDNA Remover??
? cDNA ?????????????????????????????? β
?????????? ACTB?????????? 
1. ????? 1st strand cDNA?????0.2 mL?????????????
?????????????????????????????????
???????? ACTB ????????????? SHU7 ? SHU8 ??
????????? PCR??????????????????????
?????????????????????? 1 ??????????
?????????????????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
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????????? (25 µM)  0.6 µL  (0.3 µM) 
???????????? (25 µM)  0.6 µL  (0.3 µM) 
?1st strand cDNA   0.5~1.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
2. ????????????? PCR ????Annealing ?????????
??? Tm ?????±3°C ?????????????????????
??? 10~45 ????????? 5 ?????????????????
???? 5 µL???????????????????????? 
 Predenature   94°C?2??  
 ↓ 
 Denature   98°C?10?? 
 Annealing   X°C?30?? × 10~45???? 
 Extension   68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
3. ?????????????????????????????????
???????????????????????????????? 
4. ?????????????? 3 ??????????????????
????????????? 
5. ?????? PCR?????????????????????????
?????????? ACTB?????????????? Image J???
?????ACTB??????????????????????????
? 1st strand cDNA?????????????????????????
??????? 
6. ?????????????????????????????????
????? PCR?????? 
7. ????????EtBr?????????????????????UV?
????????????????????Image J??????????
??????? 
8. ACTB???????????????????????????????
?????????????????????????????????
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??? 
 
4-3-4. 5’/3’ Rapid amplification of cDNA end (RACE) 
? ???? 5’/3’ RACE?????????????????????????
??????????????????? DNA?? 4? 3? 2?? SMART™ 
cDNA Library Construction Kit???????????? cDNA??????? 
 
1. 5’ RACE ?? 4 ? 3 ? 2 ?? cDNA ??????? SMART IV Oligo 
-nucleotide?????????? Universal Primer A Mix Long (5'- CTA ATA 
CgA CTC ACT ATA ggg CAA gCA gTg gTA TCA ACg CAg AgT -3') ???
?????????????????????????????????
??????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?Universal Primer A Mix Long (25 µM) 0.6 µL  (0.3 µM) 
?????????? (25 µM)  0.6 µL  (0.3 µM) 
?1st strand cDNA????  0.5~2.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
2. ?????????? 5’ RACE 1st PCR???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
3. ?????????????????????????????????
????????? 2nd PCR (Nested PCR) ?????? 
4. 5’ RACE?2nd PCR (Nested PCR) ?Universal Primer A Mix Long?????
???? Nested Universal Primer A (5'–AAg CAg Tgg TAT CAA CgC AgA 
× 25???? 
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gT–3') ? 1st PCR ?????????????????????????
?????????????????????????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?Nested Universal Primer A (25 µM) 0.6 µL  (0.3 µM) 
?????????? (25 µM)  0.6 µL  (0.3 µM) 
?1st PCR????   0.1~1.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
5. ?????????? 5’ RACE 2nd PCR???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
6. ?????????????????????????????????
?????????????????????TOPO??????????
????????????????? DNA??????????????
?????????? 
7. 3’ RACE?? 4? 3? 2?? cDNA???????CDS III/3’ PCR Primer (?
??? Poly-T) ???????????????????????????
???????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?CDS III/3’ PCR Primer (25 µM) 0.6 µL  (0.3 µM) 
?????????? (25 µM)  0.6 µL  (0.3 µM) 
?1st strand cDNA????  0.5~2.0 µL  
× 15-20???? 
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?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
8. ?????????? 3’ RACE 1st PCR???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
9. ?????????????????????????????????
????????? 2nd PCR (Nested PCR) ?????? 
10. 3’ RACE? 2nd PCR (Nested PCR) ? CDS III/3’ PCR Primer???????
?? Poly-T? 1st PCR???????????????????????
?????????????????????????????????
??? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?Poly-T (25 µM)   0.6 µL  (0.3 µM) 
?????????? (25 µM)  0.6 µL  (0.3 µM) 
?1st PCR????   0.1~1.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
11. ?????????? 3’ RACE 2nd PCR???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing, Extension  68°C?1?/kbp 
↓ 
 Preservation   4°C?∞ 
12. ?????????????????????????????????
× 25???? 
× 15-20???? 
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?????????????????????TOPO??????????
????????????????? DNA??????????????
?????????? 
 
4-3-5. ????????????????  
? ?????????? IgG ????????? IgG ???????????
???????????????????????????????????
???????????????????????????????????
????? Operon biotechnologies? (Operon biotechnologies, a Eurofins genomics 
company, Tokyo, Japan) ??????? 1???????????? 
 
◉ ?????? 
 Ammonium sulfate   50 g   ? ? ?  
 ↓ Milli-Q? 50 mL??   Total 50~ mL 
 ↓ 45~50°C????????? Ammonium sulfate??????? 
 ↓ ?????????????? 
 
◉ 0.1 M ????-HCl????? (pH 2.8) 
 Glycine     1.5 g  (0.1 M) ? ? ?  
 ↓ pH????? pH 2.8??? 
 ↓ Milli-Q? 200 mL??????  Total 200 mL 
 ↓ 4°C???? 
 
◉ 0.2 M ???????????? (pH 8.0) 
 Triethanolamine (7.53 M)   1,328 µL  (0.2 M) ? ? ?  
 ↓ pH????? pH 8.0??? 
 ↓ Milli-Q? 50 mL??????  Total 50 mL 
 ↓ 4°C???? 
 
◉ 20 mM DMP??   (????) 
 Dimethyl pimelimidate dihydrochloride (DMP) 51.8 mg  (20 mM) ? ? ?  
 ↓ 0.2 M??????????-HCl (pH 8.3) 10 mL??? 
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 ↓ 4°C???? 
 
◉ 30% (w/v) Brij-35??   (????) 
 Polyoxyethylene (23) lauryl ether (Brij-35) 0.3 g  (30%) ? ? ?  
 ↓ Milli-Q? 1 mL??????  Total 1 mL 
 
◉ TBC/0.5 M NaCl?????  (????) 
 1 M Tris-HCl (pH 7.5)   10 mL  (20 mM) 
 30% Brij-35??    83 µL  (0.005%) 
 CHAPS     0.5 µg  (0.1%) 
 NaCl     14.61 g  (0.5 M) ? ? ?  
 ↓ Milli-Q? 500 mL??????  Total 500 mL 
 
1. ????? IIE ? PLA2? C ???? 125-134 ?? (CPRWAPTKGG) ??
????????????????? Keyhole limpet hemocyanin (KLH) ?
???????????????????????? 4 ????????
??????????????????? 
2. 10 mL?????????0.2 M????????????? (pH 7.0) ? 1 
mL?????????????? 11 mL???????????????
????? (??? 50%??)? 
3. 4°C? 1?????????????? 
4. 10,000×g?4°C ? 20 ????????????????????????
??????????????????????????? 
5. ??????? 50%???????????????? 
6. 15,000×g?4°C? 10?????????????? 
7. 10 mL? 20 mM????????????? (pH 7.0) ?????????? 
8. ?????????????????????????????????
?????????????????????????????????? 
9. ?????????????????????????????????
?????????????????????????20 mM?????
???????? (pH 7.0) ?????????????????????
?????????????????????????????????
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?? 
10. ??????????????????????????? 0.45 µm ??
????????? 
11. HiTrap Protein G HP??? (GE Healthcare UK Ltd., little chalfont, UK) ??
????????????????5 mL ? Milli-Q ??????????
??????????? 
12. ?????????????????1??? 1????????????
?????????? 
13. 5 mL? 20 mM????????????? (pH 7.0) ?????????
?????????????????????????????????? 
14. ??????????????????? (5 mL) ??????????1
??? 0.2~1 mL?????????? 
15. 15 mL? 20 mM????????????? (pH 7.0) ? 1??? 1???
????????????????????? 
16. ???????????? 20???????????? 1 M Tris-HCl (pH 
9.0) ? 50 µL????????? 
17. 0.1 M????-HCl????? (pH 2.8) 10 mL? 1??? 1??????
?????????? 16?????????????? 0.5 mL?????
???? 
18. 5 mL? 20 mM??????????????????????????
?????????????? 20% ?????????????? 
19. ??????????? SDS-PAGE?????????????????? 
20. ?????????????????????????????????
???? 50%???????????????????????????
????????????−20°C?????? 
21. ?????????????????????????????? 18??
????????????????? 14???????????????
????? 14???????? 
22. ?? 15????????????????? 
23. 20 mM DMP??? 5 mL????1??? 0.2~1 mL?????????? 
24. ?????????????????20 mM DMP???????????
????? DMP????????????????????????? 1
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???????????IgG? Protein G????????????? 
25. ????????????0.2 M????????-HCl?? (pH 8.0) ? 15 
mL????????? 
26. ?????????????????0.2 M????????-HCl?? (pH 
8.0) ?????????????? 0.2 M????????-HCl????
????????????????????? 2 ???????????
???????????? 
27. 25 mL? 0.1 M????-HCl????? (pH 2.8) 20 mL????????
?????????? 
28. 25 mL? 50 mM Tris-HCl????? (pH 7.5) ?????????????
??????????????????????????????? 50 
mM Tris-HCl??????????????? 0.02% (w/v) ???????
???????????????4°C?????? 
29. ?????????????????????????????????
?????????????TBC/0.5 M NaCl?????????????
???????? 0.2 g? TBC/0.5 M NaCl???????????? 
30. 10 mL? TBC/0.5 M NaCl????????????????? 
31. ??????? 1??? 0.5??????????? 
32. 25 mL? TBC/0.5 M NaCl?????? 1??? 1???????????
????????????? 
33. 15 mL?Milli-Q? 1??? 1???????????????? 
34. ???????????? 5???????????? 1 M Tris-HCl??
??? (pH 8.0) 60 µL????????? 
35. 10 mL? 0.1 M ????-HCl????? (pH 2.8) ???? 0.05% (v/v) ?
?????????? 1??? 1???????????????? 34?
????????????? 2 mL??????????????????
????? 0.05% ???????????????? 
36. 25 mL? TBC/0.5 M NaCl??????????????????????
???? TBC/0.5 M NaCl??????????????? 0.02% (w/v) ?
?????????????????????4°C?????? 
37. ????????????? 280 nm??????????? SDS-PAGE?
???????? 
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4-3-6. ?????????????  
? ??????????????????????????????????
?????? IIE ? PLA2? pET-20b ???? (Novagen Inc., a EMD Millipore 
company, Madison, WI, USA) ??????Rosetta-gami™ B (DE3) pLysS??BL21
??? (Novagen Inc., a EMD Millipore company, Madison, WI, USA) ?????
????????????????????????? 
 
◉ 50 mM CaCl2/20% (w/v) ?????? 
 1 M CaCl2    500 µL  (50 mM) 
 50% (w/v) ??????   4 mL  (20%) ? ? ?  
 Milli-Q? 10 mL??????  Total 10 mL Autoclaved 
 
◉ ????????? 
 1 M Tris-HCl (pH 8.0)   200 µL  (20 mM) 
 5 M NaCl    100 µL  (50 mM) ? ? ?  
 Milli-Q? 10 mL??????  Total 10 mL Autoclaved 
 
◉ ?????????   (????) 
 1 M Tris-HCl (pH 7.5)   1 mL  (20 mM) 
 5 M NaCl    2 mL  (200 mM) 
 0.5 M EDTA    50 µL  (0.5 mM) 
 1 M Dithiothreitol  (DTT)   500 µL  (10 mM) ? ? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ ??????? 
 1 M Tris-HCl (pH 7.5)   1 mL  (20 mM) 
 5 M NaCl    2 mL  (200 mM) 
 Urea     24.04 g  (8 M) ? ? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ 4 M, 3 M Urea??????? 
 1 M Tris-HCl (pH 7.5)   1 mL  (20 mM) 
 5 M NaCl    2 mL  (200 mM) 
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 Urea     12.0g, 9.0g (4 M, 3 M) 
 1 M CaCl2    500 µL  (10 mM) 
 L-Cysteine    48 mg  (8 mM) 
 L-Cystine    12 mg  (1 mM)        
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ 2 M, 1 M, 0.5 M Urea??????? 
 1 M Tris-HCl (pH 7.5)   1 mL  (20 mM) 
 5 M NaCl    2 mL  (200 mM) 
 Urea     6.0 g, 3.0 g, 1.5 g (2 M, 1 M, 0.5 M) 
 1 M CaCl2    500 µL  (10 mM) 
 L-Arginine hydrochloride   4.21 g  (0.4 M) 
 L-Cysteine    48 mg  (8 mM) 
 L-Cystine    12 mg  (1 mM) ? ? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
◉ 0 M Urea??????? 
 1 M Tris-HCl (pH 7.5)   1 mL  (20 mM) 
 5 M NaCl    2 mL  (200 mM) 
 1 M CaCl2    500 µL  (10 mM) 
 L-Cysteine    48 mg  (8 mM) 
 L-Cystine    12 mg  (1 mM) ? ? ?  
 Milli-Q? 50 mL??????  Total 50 mL 
 
1. ?????????????????????????????????
???????????????5’?? Nde I? Xho I?????????
????????????????? (IIEexp-1) ???????????
? (IIEexp-2) ?????????????????????????C ?
?? His-tag???????????????????????? Xho I?
????????????? 
?Milli-Q    to 50 µL 
?5×PCR Buffer for KOD –Plus–  5 µL  (1×) 
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?2 mM dNTPs    5 µL  (0.2 mM) 
?25 mM MgSO4   3 µL  (1.5 mM) 
?IIEexp-1????? (25 µM)  0.6 µL  (0.3 µM) 
?IIEexp-2????? (25 µM)  0.6 µL  (0.3 µM) 
?1st strand cDNA????  0.5~2.0 µL  
?KOD –Plus– DNA Polymerase (1 U/µL) 1 µL  (1 U) ? ? ?  
     Total 50 µL 
2. ?????????? PCR???? 
 Predenature   94°C?2??  
  ↓ 
 Denature   98°C?10?? 
 Annealing   60°C?30?? × 25~30???? 
 Extension   68°C?1?? 
↓ 
 Preservation   4°C?∞ 
3. ?????????????????????????????????
??????????????????????????? 
?PCR??    ?? 
?10×H buffer   6 µL 
?Nde I (8 U/µL)   1 µL  (8 U) 
?Xho I (8 U/µL)   1 µL  (8 U) ? ? ?  
  Milli-Q? 60 µL?????? Total 60 µL 
4. 37°C? 1~2???????????PCR??????????????? 
5. 1.5% ???????????????????????????????
???????????????????? 
6. ????6 µL?Milli-Q???????? 1 µL????????????
????????????????????? 4°C?????? 
7. ?????????????????????????????????
???????? pET-20b (Novagen Inc., a EMD Millipore company, Madison, 
WI, USA) ?DH5α??????????????? LB??? 37°C? 8~12
????????????????? 
8. ??????????? 1??????????50 mL?????????
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LB?????????37°C? 8~12?????????pET??????
??????????????pUC??????? 4~10????????
??????? 50 mL?????? 
9. 50 mL????????????? DNA???????????????
??? SDS??????????? 
10. ?????????????????????? DNA?????????
????????????????????????????????? 
????? pET-20b   1 µg 
?10×H buffer   6 µL 
?Nde I (8 U/µL)   1.5 µL  (12 U) 
?Xho I (8 U/µL)   1.5 µL  (12 U) ? ? ?  
  Milli-Q? 30 µL?????? Total 30 µL 
11. 37°C? 1~2??????????????????????? 
12. ?????????????CIP (Alkaline Phosphatase, recombinant (Calf 
intestine) (Nippon Gene Co., Ltd., Tokyo, Japan)) ? 1 µL????37°C? 15?
???????????????????????? 
13. 0.5~1% ????????????????pET-20b??????????
??????????????????????? 
14. ????6 µL?Milli-Q?????????????? 
15. ????? pET-20b??????? 50 ng/µL?????−20°C?????? 
16. ?? 6 ? 15 ??? PCR ?????????? pET-20b ????????
? 3~10?1?????????????????? 
17. ??? Ligation High??????16°C? 0.5~12????????????
???????????????? 4°C???? 
18. DH5α ??????????????????????DNA ??????
???????????? DNA???????????????????
??????????????????????? 
19. ???????????????????Rosetta-gami™ B (DE3) pLysS??
BL21 ????????????? CaCl2???????????????
????????????????????? LB????? 37°C? 8~12
?????????????????????? 
20. 5 mL? LB?????????????????????????LB??
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????????????????????? LB?????????37°C
? 8~12??????????? 
21. 100 mL?LB???????? 500 mL????????????????
????????????? LB?????????????????? 1 
mL????100 mL? LB??????????? 
22. 37°C???????OD600?? 0.5???????????? 
23. OD600?? 0.5?????????? 50 mL??????????????
???? 30???????? 
24. 3,000 rpm?4°C? 5???????????? 
25. ?????????????????????????????????
????????? 1??????????????????? 
26. ????????? 50 mM CaCl2? 25 mL??????????????
????????????????????????????? 1 mL??
????????????????????????? 
27. ?????????? 1 ??????????????????????
3,000 rpm?4°C? 5??????? 
28. ????????????? 50 mM CaCl2/20% (w/v) ??????? 5 mL
????????????????? 
29. ???????????? 50????????????????????
????????? 100 µL????????? 
30. ??????????????????????−80°C?????? 
31. ?? 18??????????????????????? 10 µL??? 30
????????????????????????????? 
32. ??????????4 mL?LB?????????????37°C?16~20
????????????????????????Rosetta-gami™ B (DE3) 
pLysS????????????????????? 
33. ???????????????????? LB ?????????37°C
? 12~20???????????? IPTG???????????????
?????????????????????????????? 
34. ??? 4 mL ? LB??????????? 33????????????
? 100 µL????OD600?? 0.4~0.6????? 37°C?????????
????????????? 10~15%?????????????????
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???????????????? 
35. OD600???????????????????????????????
???30????????????? 
36. ??????????? IPTG????????????????????
? 0~2 mM????????????????????????? IPTG?
??????? 
37. 4~37°C? 0~48???????????????????????????
?????????????????????????????????
?????? 
38. ?????? 6,000 rpm? 1???????????? 
39. ????????????????? 400 µL?????????? 
40. ?????????????????????????????????
????????????????? 
41. ????????????????????????????? 
42. 14,000×g?4°C? 30??????????????????????? 
43. ?????? 400 µL????????????????????????
?????????????? 
44. ????????????? SDS-PAGE ???????????????
????? 
45. ?????????????????????????????????
?????????????????????????????????
???????????????????IPTG????????????
?????????????? 
46. ?? 34???????????????????????????????
1 mL? SOC??? 15???????? 
47. ?????????? LB?? 50 mL??? SOC?????????37°C
? 12~24?????????? 
48. ??? 600 mL ? LB??????????? 46???????????
?? 10 mL????OD600?? 0.6????? 37°C???????? 
49. OD600?? 0.6??????IPTG???? 0.4 mM??????????37°C
? 4????????????????? 
50. ?????????????????????6,000×g?4°C? 10????
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???????? 
51. ?????????????????????????????????
?? 20 mL?????????50 mL????????????? 
52. ?????????????????????????????????
?????? 
53. ??????? 12,000×g?4°C? 30???????????????? 
54. 1% Deoxycholic acid????????????? 30 mL????????
?????? 
55. 12,000×g?4°C? 30???????????????? 
56. 1% Triton X-100????????????? 30 mL??????????
???? 
57. 12,000×g?4°C? 30???????????????? 
58. ?? 56, 57???????? 
59. ????????? 40 mL??????????????4°C? 12???
?????????????????? 
60. 12,000×g?4°C? 30???????????????? Imidazole????
20 mM?????????? 
61. HisTrap HP??? (GE Healthcare UK Ltd., little chalfont, UK) ????? 20 
mM Imidazole??????????? 5 mL???? 
62. ?? 60?????????????? 
63. 20 mM Imidazole??????????? 10 mL???????????
??? 
64. 50 mM Imidazole??????????? 10 mL???????????
??? 
65. 250 mM Imidazole??????????? 5 mL??????????? 
66. ???????????????????? 
67. SDS-PAGE ????????????????????????????
??????????? 
68. ????????????????????????? 0.1~0.2 mg/mL??
???? 
69. ???????? 1 mL?Dithiothreitol???? 10 mM?????????
4°C? 1???????????? 
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70. 4 M Urea??????? 50 mL? 6???????? 
71. 3 M Urea??????? 50 mL? 6???????? 
72. 2 M Urea??????? 50 mL? 12???????? 
73. 1 M Urea??????? 50 mL? 12???????? 
74. 0 M Urea??????? 50 mL? 6??????????????? 2?
????? 
75. ????? 5,800×g?4°C? 30?????????????? 
76. SDS-PAGE????????????????? 
 
4-3-7. ????????????  
? ???? SDS-PAGE ?????????????????????????
???????????? 15%?????????????????????
??????? ECL Western Blotting Detection Reagents (GE Healthcare UK Ltd., 
little chalfont, UK) ?????? 
◉ ?????????? 
 Milli-Q     1.89 mL 
 1.5 M Tris-HCl (pH 8.8)   2 mL 
 10% SDS    80 µL 
 
◉ ?????????? 
 Milli-Q     1.9 mL 
 0.5 M Tris-HCl (pH 6.8)   750 µL 
 10% SDS    30 µL 
 
◉ 10×??????? 
 Tris (hydroxymethyl) aminomethane  3.03 g  (250 mM) 
 Glycine     14.4 g  (1.92 M) 
 Sodium dodecyl sulfate   1 g  (1%) ? ? ?  
 ?????? 100 mL?????? Total 100 mL 
 
◉ 6×????????? 
 0.5 M Tris-HCl (pH 6.8)   7 mL  (0.35 M) 
 Sodium dodecyl sulfate   1 g  (10%) 
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 Glycerine    3 mL  (30%) 
 Dithiothreitol    0.93 g  (6 mM) 
 Bromophenol blue   ??   ? ? ?  
 ↓ ?????? 10 mL?????? Total 10 mL 
 ↓ ???????−20°C?????? 
 
◉ ????????? A 
 Tris (hydroxymethyl) aminomethane  3.63 g  (300 mM) 
 Methanol    5 mL  (5%) ? ? ?  
 ?????? 100 mL?????? Total 100 mL 
 
◉ ????????? B 
 Tris (hydroxymethyl) aminomethane  0.3 g  (25 mM) 
 Methanol    5 mL  (5%) ? ? ?  
 ?????? 100 mL?????? Total 100 mL 
 
◉ ????????? C 
 Tris (hydroxymethyl) aminomethane  0.3 g  (25 mM) 
 6-Aminohexanoic acid   0.52 g  (40 mM) 
 Methanol    5 mL  (5%) ? ? ?  
 ?????? 100 mL?????? Total 100 mL 
 
◉ TBS-T 
 1 M Tris-HCl (pH 7.5)   30 mL  (10 mM) 
 NaCl     17.53 g  (100 mM) 
 20% Tween 20    15 mL  (0.1%) ? ? ?  
 ?????? 3 L??????  Total 3 L 
 
1. SDS-PAGE???????????????????????70% ???
?????????????????????????????????
???????????????? 
2. 0.025 g?Ammonium peroxodisulfate?????? 100 µL?????25% APS
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?????????? 
3. ?????????????? 
???????????  3.97 mL 
?30% (w/v) ????????? 4 mL 
?Tetramethylethylenediamine (TEMED) 6.4 µL 
?25% APS??   50 µL 
4. ?? 1 ??????????????????????????????
?????????????????????????? 1~2 cm????
?????? 
5. ????????? 1 mL???????????????? 15????
?? 
6. ?????????????????????????????????
?????? 
???????????  2.68 mL 
?30% (w/v) ????????? 300 µL 
?Tetramethylethylenediamine (TEMED) 2.4 µL 
?25% APS??   25 µL 
7. ????????????????????????????? 
8. ???????????????????????? 15?????? 
9. 10×??????? 50 mL??????? 450 mL???? 
10. ????????? 6×??????????????98°C? 3~5????
?????? 
11. ?????????????????????????????????
?????????????????????????????????
??? CBB??????????????????? 
12. ???????????????????????????PVDF????
????????????Methanol? 30???????????????
?? B ??????????????????????????????
???????????????? 
13. ?????????????????? 6?????????????? A
? 2??B? 1??C? 3????????? 
14. ??????????????? A?????? 2??????????
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??? B?????????? A?????? 1???????????
??????????????????????????? 
15. ????PVDF?????????????????????????? B
???????? 
16. ???????????????????????? B ????????
? PVDF??????????????????????????? C?
????? 3?????????? 
17. ?????????????????????????????????
????????????? 
18. ???????????????? C ????????????????
??????? 
19. ?????????? 1?????????????2 mA???? 45~60
????? 
20. ????????????????????Blocking Agent????5% (w/v)
????? TBS-T ?????????????????????????
? 45???????? 4°C? 12????????????? 
21. ????? 1???????????? 4 mL? TBS-T????????
?????????????? TBS-T ????2 ???????????
???????? 2?????? 
22. ????? 0.1~1 µg/mL???????? TBS-T? 50 mL???????
????????? 1~2?????? 4°C? 12????????????
???????????? 
23. ?? 21????????????? 2???? 
24. TBS-T? 15?????? 1??????? 5?????? 3???? 
25. ????? 5,000~10,000????? TBS-T???????? 1?????
??????? 
26. TBS-T? 2?????? 2????TBS-T? 15?????? 1?????
?? 5?????? 3???? 
27. ECL Detection Reagent 1? ECL Detection Reagent 2???????????
????? 
28. ???????????????????????? ECL???????
???????????????????? ECL???????????? 
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29. ??? ECL?????????X???????????????? 4?
2? 3?????????????????????? 5~30???????
??????? ????????????? TBS-T????4°C????
????????????? 27???????????????? 
 
 
4-4. ???????  
4-4-1. ??? DNA???????????  
? ????????????????? DNA???????????????
?????????????DNA???? PCR?DNA??????????
???????????  (Hayatsu, 2008; Hayatsu et al., 2004; Shiraishi and 
Hayatsu, 2004)??????????[Asp49]PLA2 (PfPLA-B [PfPLA 5]?PfPLA-B’), 
PfPLA 6, IB?? PLA2??????????????????????????
??????????????????????????? DNA ????? 
(No. 3, No. 6, No. 9) ????? (No. 23) ?????????????????
??????????????????? DNA??????????????
???? 7??????????????????? 
 
1.  ?????????????????????????????????
?????????????????????????????????
DNA ????????DNA 20 µg ???????????? (???
[Asp49]PLA2??????????????? Hinc II, Stu I, Sty I?PfPLA 6?
??????????? Bcl I, Afl II?IB?? PLA2???????????
???? Msp I, Bst XI)? 
2.  TE???????? PCI??????????????????Milli-Q?
??????? 
3.  ????????? DNA????????0.08 µg/µL?????????
?? 
4.  ????? Sodium bisulfite??? 90°C?????????? 70°C???
????????????Sodium bisulfite???????????????
??????? 
?Sodium bisulfite    2.08 g 
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?Ammonium sulfite, 1-hydrate   0.67 g 
?50% Ammonium hydrogensulfite solution (pH 4.5) 5 ml 
5.  50 µL???? DNA??? 6 N NaOH? 2.5 µL????37°C? 30???
??????????? DNA????????? 
6.  ????????? DNA???????? Sodium bisulfite?? 545 µl?
?????????????????????? 
7.  ????95°C? 30?????????????? DNA???????? 
8.  ????????70°C? 40?????????????????????
???? 
9.  ??????????????? DNA ? Wizard® DNA Clean-Up system 
(Promega Corporation, Madison, WI, USA) ? Resin? 1 ml????????
??????????????? 
10.  Minicolumn? Syringe Barrel??????Resin????? DNA?????
??????? 
11.  ?????????Minicolumn???????????????????
????? DNA???Minicolumn?????????? 
12.  2 mL? 80% Isopropanol? Syringe Barrel??????????????? 2
??????Minicolumn? Syringe Barrel???????Minicolumn???
???????????????15,000 rpm ? 2 ??????Isopropanol
????????? 
13.  Minicolumn??????????????????70°C????Milli-Q 90 
µL?Minicolumn????????DNA??????? 
14.  ?? DNA??? 2 N NaOH? 11 µl????37°C? 10????????
????????????? 
15.  ?????????? DNA??? 4 M ???????? (pH 7.0) ? 150 
µL, ???????? (20 mg/ml) ? 2 µL, 100% ?????? 750 µL?
?????????????? 
16.  15,000 rpm???? 20?????????? DNA???????????
???????????? 
17.  ???? DNA????? 70% ???????????15,000 rpm?4°C?
5?????????? DNA????????????????????
??? 
 94 
18.  5~15??????????????????? DNA? 20 µL? TE???
??????????????−20°C?????? 
 
4-4-2. ???????? PCR? TA??????  
1.  ???? CpG???????????????????????????
?????????????????? GpC?????????????
?????????????????????????????????
??????????? PCR??????????????????? DNA
? α? DNA?????????????????Pol I?? Taq????
?????????????????????????? 
?Milli-Q    to 50 µL 
?AmpliTaq Gold® 360 Master Mix 25 µL  (1×) 
?GC Enhancer   2 µL 
????????? (25 µM)  0.6 µL  (0.3 µM) 
???????????? (25 µM)  0.6 µL  (0.3 µM) 
??????????? DNA  2 µL   ? ? ?  
     Total 50 µL 
2.  ?????????????????? PCR???? 
 Predenature   95°C?10??  
  ↓ 
 Denature   95°C?30?? 
 Annealing   55°C?30?? × 30~40???? 
 Extension   72°C?40?? 
↓ 
? ?  Extension, dA-attached  72°C?10?? 
 Preservation   4°C?∞ 
3.  ?????????????????????????? 
4.  ???????????????????????????? DNA???
??????????? 
5.  ??????? DNA? Milli-Q???????????????????
??????????? 
6.  pT7Blue T-Vector (Novagen Inc., a EMD Millipore company, Madison, WI, USA) 
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??? DNA????? 1?6~10???????????????????
???????? 
?Milli-Q    to 10 µL 
?pT7Blue T-Vector (50 ng/µL)  X µL  (1) 
??? DNA    X µL  (6~10) 
?Ligation High   2.5~5 µL  (0.5~1??)? ? ?  
     Total 10 µL 
7.  16°C? 0.5~12???????????????????????????
? 4°C???? 
8.  ????????????????????????????pT7Blue??
?????????????????????????????????
?????????????????? 4°C?????? 
 
4-2-3. ??????????????  
1.  ????????????????????????? DNA ?????
??????????????????? T7 Promoter?????????
Zero Blunt® TOPO® PCR Cloning Kit???????M13 Forward (−20)?M13 
Reverse??????????? 
2.  DNA ?????????????? Quantification tool for methylation 
analysis (http://quma.cdb.riken.jp/top/quma_main_j.html) ??????????
???????????????????????????? 98.0%???
??????????????????? 
 
 
4-5. ?????????  
4-5-1. ?????? PCR 
? ???? TaqMan ??????????????? PCR ??? SNP (Single 
nucleotide polymorphism) ????????????????????????
????????????????????????????????????
?????????????? DNA????? (No. 1, 3, 4, 6, 9), ????? 
(No. 10, 12, 14, 15) ???????????????????????????
????? DNA?? TaqMan?????????????? 7???????
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???????????? 
■ SNP???????? 
1.  ?????? SNP?????????????????????????
???????????????????????????????
TaqMan?????????????[Lys49]PLA2??????????? 3
???????????????? CNVBP-F2? CNVBP-R1???????
BP-I???????????? FAM BP exon 3 G????? BP-II? BP-III
???????????? HEX BP exon 3 A?????????????? 
2.  ??????????? PCR????????????????????
????????????? 
3.  BP-I??? BP-II????? 3????????? pCR®-Blunt II-TOPO®?
????????? 3,610 bp ????????????????????
??????????????????? 2 ?????????????
???????????????????????????????? 
???????? 
? ??? DNA??? (bp) ? 330 daltons ? 2 nt/bp = ?????? (g/mole) 
????????? 
? Copy number/µL = ???? (ng/µL) / ?????? (g/mole) ? 6.02?1014 
4.  ?????????????????????????????????
???????????? DNA???????????????????
?????????????????????? PCR?????????
?????????????????????????????? DNA?
NTC (Non-template control), ?? BP-I ??? BP-II ????????
pCR®-Blunt II-TOPO®????????????????????????
???????? 
?Milli-Q    to 20 µL 
?THUNDERBIRD® Probe qPCR Mix 10 µL  (1?) 
????????? (10 µM)  0.6 µL  (0.3 µM) 
???????????? (10 µM)  0.6 µL  (0.3 µM) 
?FAM BP exon 3 G ???? (10 µM) 0.4 µL  (0.2 µM) 
?HEX BP exon 3 A ???? (10 µM) 0.4 µL  (0.2 µM) 
???? DNA (100 ng/µL)  1 µL  (5 ng/µL) ? ? ?  
     Total 20 µL 
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5.  MiniOpticon™??????  PCR ????  (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) ??????????????? PC????????
?????? 
6.  ????? OS??????????? Bio-Rad CFX Manager™?????
???????MiniOpticon™?????? PCR ????????????
????????????? 
7.  Startup Wizard?????????????????? Create a new Run?
??????????????Miniopticon?????? 
8.  File > Open > Protocol????????????????????? Create 
New…???????Express Load??????????????????
??Edit Selected…????????????????????????Select 
Existing…??????????????????????????? 
9.  Sample Volume? 20 µL???????????????????????
???????? GOTO ??????????????????????
? (??????????1) ????????????????????OK
????????????????????????? 
 Predenature   95°C?3??  
  ↓ 
 Denature   95°C?15?? 
 Annealing, Extension  60°C?30?? 
 + Plate Read 
↓ 
 Preservation   4°C?∞ 
10.  Run Setup?????? Next?????????????????????
???? Create New…???????Express Load???????????
??????????Edit Selected…?????????????????
???????? Select Existing…??????????????????
????????? 
11.  Plate Type???????????Settings???????Plate Type????
?????????????????????? BR Clear?????? 
12.  Scan Mode ????????????????????????????
???Select Fluorophores…?????????????????????
× 40???? 
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?????????? All Channels???????????? FAM? HEX
?????? 
13.  ?????????????????????????????????? 
Sample Type ???????????????????????????
???????Target Name??????????? 
14.  ???????????????Sample Name????????????? 
15.  ?????????????????????????????????
??????????????????????Replicate Series?????
?????????????????????????????????? 
16.  ?????????????????????????????????
???????????Dilution Series??????????????? 
17.  ????????????????OK???????????? 
18.  MiniOpticon™?????? PCR ??????????????????
????????????????????????????????? 
19.  Start Run????????????? PCR??????  
20.  PCR????Bio-Rad CFX Manager™??????????????????
Allelic Discrimination?????? 35?????? FAM?? HEX???
??????????????????? 
 
■ ????????????????? 
1. ?????????????????????????????????
?????????????????? TaqMan????????????
?[Lys49]PLA2??????????? 3 ??????? 4 ???????
??????????? CNVBP-F2? CNVBP-R2???????????
??? IIA? PLA2??????????? 3?????????????
???? NSP-F1? NSP-R1????????? IIA ? PLA2??????
???????????? FAM PLA2 gene?????????????? 
2. ??????????? PCR????????????????????
????????????? 
3. BP-I????pCR®-Blunt II-TOPO®??????????????????
?????????????????????????????????
????????? 
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4. ????????????????????????????? DNA?NTC 
(Non-template control), ?? BP-I???? pCR®-Blunt II-TOPO®?????
?????????????????????????????????? 
?Milli-Q    to 20 µL 
?THUNDERBIRD® Probe qPCR Mix 10 µL  (1?) 
????????? (10 µM)  0.6 µL  (0.3 µM) 
???????????? (10 µM)  0.6 µL  (0.3 µM) 
?FAM PLA2 gene???? (10 µM) 0.4 µL  (0.2 µM) 
???? DNA (100 ng/µL)  1 µL  (5 ng/µL) ? ? ?  
     Total 20 µL 
5. ??????????? MiniOpticon™?????? PCR ???????
?????????????????????????????????
?? 
 Predenature   95°C?3??  
  ↓ 
 Denature   95°C?15?? 
 Annealing, Extension  60°C?30?? 
 + Plate Read 
? ? ↓ 
 Preservation   4°C?∞ 
6. ?????????????????????? PCR?????? 
7. PCR????Bio-Rad CFX Manager™?????????????????
?????????????????????????????????
??????????????? 
 
 
4-6. ?????  
4-6-1. FISH??  
? ???? FISH (Fluorescence in situ hybridization) ?????????? DNA
???????????????FISH ????????????????? 
(Chromosome Science Labo Inc., Hokkaido, Japan) ??????????????
?? 
× 40???? 
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1. FISH?????? DNA??????????????? (????) ??
IIE? PLA2? cDNA???? DNA?????PfPLA2 [PfpgPLA 1a (A)] ?
cDNA???????????? PCR?????? PCR?????????
??? IIE? PLA2????? 2??????? 4???????????
? 405 bp? cDNA?????5’?? 3’ UTR???????? 2,616 bp?
gDNA???????????????? PfpgPLA 1a (A) ???? 5’??
3’ UTR???????? 530 bp? cDNA?????????? 
2. pCR®-Blunt II-TOPO®????????????????????????? 
3. ??? DNA?????????????????????? DNA???
?????????????????? DNA????????? 
4. FISH?????????????????????????????? 
 
 
4-7. ????????????????????????  
4-7-1. Local BLAST?????  
? ???? Local BLAST???????????????????Local BLAST
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? 2.4 GHz Intel Core 2 Duo, ??? 16 GB 1067 MHz DDR3, MacOS (ver. 
10.6.8~10.9.5) ?????Macbook Pro??????????????????
????????????? PATH???????? 
1. ?????????? CD?? XcodeTools??????????????
? UNIX ?????????????????????????????
??????????? 
2. NCBI (National Center for Biotechnology Information, Bethesda, MD, USA) ?
????????????Mac OSX??? ncbi-blast-2.2.27+.dmg????
?????????? 
3. ncbi-blast-2.2.27+.dmg ?????????ncbi-blast-2.2.27+.pkg ?????
????????????? 
4. ?????????????????????????????????
??????????????? BLAST ???????????????
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?????????????????????????? 
5. ???????????? fasta???????????????????
?????????? 
6. ??????? [makeblastdb –in (??????) –dbtype nucl –hash_index] 
?????makeblastdb????????????????????????
??????????????????–dbtype? prot?????????
???????????????? 
7. ?????????????????????????????????
??? fasta?????????????? [(?????????????
?) –db (???????) –query (??????????) –out (?????
?????)] ???????????????????????????
?????????????????????????????????
???????????? 
 
4-7-2. Local RepeatMasker?????  
? ???? Local RepeatMasker??????????????????????
RepeatMasker ?????????????????????????????
Perl (ver. 5.8.0??) ? blast+??????????? (Smit et al., 1996)? 
1. RepeatMasker ?????? Mac OSX ??? RepeatMasker-open-3-3-0.tar.gz
?????????????????????????????????
???/usr/local/? RepeatMasker ???????????????????
?????? (RepeatMasker_File) ?????? 
2. Genetic Information Research Institute (Mountain View, CA, USA.) ?????
?????????????????? (Repbase) ?????RepeatMasker
??????????????? 
3. ????????? RMBlast (National Center for Biotechnology Information, 
Bethesda, MD, USA) ?  Tandem Repeats Finder (trf) (Boston University, 
Benson, 1999) ?????????RepeatMasker????????????
??????????????? 
4. ??????? RepeatMasker?????????????[perl ./configure]
?????perl????RepeatMasker????trf????rmblast????
????? 
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5. ?????????????????????????????????
? fasta?????????????? [RepeatMasker –species (?????
?) –xsmall (??????????)] ?????????????????
?????????????????????????????????
?????????????????????? 
 
4-7-3. RAxML????????  
? ???? RAxML?????????????????RAxML??????
???????????????????????????????????
??????????????????????????????? RAxML
???????????????? (Stamatakis, 2014)???????????
???????????????????????RAxML?????????
?????????? Bootstrap?????? 
1. RAxML????????????Mac OSX??? RAxML-7.2.8-ALPHA?
?????????????????? 
2. ???????????RAxML???????????????????
???????????? RAxML???????????????? 
3. RAxML-7.2.8-ALPHA????? RAxML???????????????
????????????????? [make –f Makefile.SSE3.PTHREAKS. 
gcc] ?????make?????????? 
4. ??????????ClastalW ???????????????????
???????????????????NEXUS?????????OTU 
(Operational taxonomic unit) ??????????????????????
PHYLIP?????????????????.nxs??.phy????????
?????????????????????????????????
????????????????? 
5. ?????????? RAxML????????????????????
? [./raxmlHPC-PTHREADS –T (CPU?) –f (?????????) –x (???
5????) –p (??? 5????) –# (??? bootstrap??) –m (?????
???) –s (????????.phy) –q (??????????????.txt) 
–o (?????) –n (??????????)] ?????????????
????? 
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6.  ?????????? FigTree????????????????????
???????? 
 
4-7-4. codeml????????? KA/KS??  
? ???? PAML ???? PAML ????? codeml ???????????
??????PAML ??????????????????????????
???codeml? KA/KS??????????????????? (Yang, 2007)?
codeml?? branch models, site models, branch-site models? 3?????????
???????????????? codeml??????????? KA/KS??
???????????????????????????????????
?????????branch models????????????????????
???????????????site models???? KA/KS?????????
????? KA/KS???????????????branch-site models??? 2?
???????????????????????????????????
?????????????????????????????? site models
?????????? 
1. PAML????????????Mac OSX??? paml4.8.macosx.tgz???
?????????????????????????????? 
2. ??????? paml4.8????????????????.o??????
?? rm???????????? 
3. src??????Makefile????2??? [CC=gcc] ??????OS??
?????#???????????????????????? [make –f 
Makefile] ???????????????? 
4. [mv baseml basemlg codeml evolver pamp yn00 mcmctree chi2 ../bin] ?????
????????????????????????? 
5. codeml ??????????????????????????????
????? PHYLIP???????RAxML??????????????
???????????site models???????????????????
?????????????????????????????????
????????? PAL2NAL ??? Perl ??????????????
?????????? cDNA ????????????????????
????????????????? 
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6. codeml ??????????????????????????????
? codeml.ctl ????????seqfile ?????????????????
treefile ?????????????outfile ??????????????
???? 
7. ????runmode? 0, seqtype? 1, CodonFreq? 2, clock? 0, model? 0?
??????? 
8. ???????????????????????????? 8 ????
??????????????????????? 7?????? KA/KS?
????????NSsites? 8? 7??????????????????
???????????????? 8????????? 7?2?????
???????????? 
9. ????????????????????????????????? 
10. ??? 8 ???? 7 ????????????????????????
??? codeml???????????????[./codeml codeml.ctl] ???
???????????????? 8???? 7?????????? 
11. ??? 8???? 7?????mlc?????????????? lnL??
??2ΔlnL= (??? 7 lnL−??? 8 lnL) ×2???????? 
12. ???2??2 (??2?) ???????????5% (p=0.05) ???PAML
???????????? CHI2?????????????2ΔlnL???
????? 
13. 2ΔlnL?????? 2??2??????????? 5%?????????
???? 7 ???? 8 ???????????????????????
?????????????????????????????????
??????????????????????????? mlc ????
????????? 
 
4-7-5. mcmctree???????????????  
? ???? mcmctree??????????????????????mcmctree
? PAML ???????????????????????????????
?????????????? (Yang, 2007)?mcmctree ??????????
???????????????????????????????????
????????????????????????????????????
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?????????????????????mcmctree ??????????
3???????????? 
1. mcmctree ?????????????????????????????
????????? PHYLIP???????RAxML???????????
?????????? 
2. RAxML ?????????????????????????????
??????????????????190 Mya (Million years ago) ???
????? [@1.9] ??????? 
3. ?????????????????????????????????
????????????????baseml.ctl ????????seqfile ??
???????????????treefile ??????????? (?? 2
?????????????????)?outfile ????????????
?????? 
4. ????verbose? 1, runmode? 0, model? 7, clock? 1, getSE? 1???
?????????????????????????????????
???????? GTR+G??????????????????????
?? 
5. baseml??????????????????????? baseml????
???????????[./baseml baseml.ctl] ??????????????
?? 
6. mlb?????????????????????????? 
7. RAxML ?????????????????????????????
??????????, ????, ??????????????????
??????????????????? 97.5%????????????
???????????????????? [L (????, ???????
??????, ???????????, ??????)] ?????????
????? [U (????, ??????)]?????? [B (????, ??
?????????, ??????)] ????? (Inoue et al., 2010)????
??????? Hard bound? Soft bound???????????????
???? 
8. ?????????????????????????????????
???mcmctree.ctl????????seqfile??????????????
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???treefile ??????????? (?? 7 ????????????
?)?outfile?????????????????? 
9. ????ndata? 4, usedata? 3, clock? 2, model? 7??????????
???????????????????????????????GTR+G
?????????????????????????????????
??????ndata? 4???? 
10. ????rgene_gamma??? 6??????????sigma2_gamma???
2 ????????????????????????????????
???????? 
11. mcmctree??????????????????????? mcmctree??
?????????????[./mcmctree mcmctree.ctl] ?????????
??????? 
12. out.BV ??????????????????????????????
???????????? 
13. out.BV????????????? in.BV??????? 
14. ?????????????????????? mcmctree.ctl??????
??outfile ????????????usedata ? 2 ???????????
?????????????????????????????? 
15. mcmctree??????????????????????? mcmctree??
?????????????[./mcmctree mcmctree.ctl] ?????????
??????? 
16. ??????????????????????? 20~40%??????
?????????????????????????????????
???????????mcmctree.ctl ??????????? finetune 
parameters??????????? 
17. out_usedata2?mcmcout?FigTree.tree ????????????????
out_usedata2???????????????????? 95%??????
??????? 
18. ?????????????? mcmctree???????????????
???? 
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5. ?????  
5-1. ???????????????? PLA2????????????
??  
? ????????? IIA?? PLA2???????????????????
?????????????2012? 3???? GenBank??????????
??? Expression sequence tag (EST) ?????????????? EST???
??? (???? ????????? ?????????????????
??????????????????)?????????????????
??????????????? (Castoe et al., 2013)??????? (Vonk et al., 
2013) ????????????????????????????????
????Local BLAST ?????????????????????????
?????? IB, IIA, IIC, IID, IIE, IIF, III, V, X, XIIA, XIIB?????PLA2???
????????? IIA?? PLA2???? Query??????Local BLAST?
? tblastx???????????????????????? EST?????
??? IIE? PLA2????????? 3?????????isotig03504 (read 9), 
isotig03505 (read 7), isotig19327 (read 4)???????isotig03504???????
??????????? IIE PLA2 ? 40~60%??????????????
isotig03505? isotig19327??????? 20~40%???????? PLA2???
???????????????????????????????? (Figure 
27)? 
? ?????????????????????????????? IIA ??
PLA2 ???????????????????? 2 ???????????
Scaffold259, Scaffold12688?????????????????????? 1?
??????????Scaffold1015????????????????????
????????????????????????????? IIA? PLA2?
??????? Scaffold12688????????Scaffold259??Mitochondrial E3 
Ubiquitin Protein Ligase 1 (MUL1) ? Ovarian tumor domain-containing protein 3 
(OTUD3) ?????????????? IIF, IID, IIE?? PLA2???????
????????????????????????????? Scaffold1015
?? Mitochondrial E3 Ubiquitin Protein Ligase 1 (MUL1) ?  Ovarian tumor 
domain-containing protein 3 (OTUD3) ?????????????? IIF, IID, IIA, 
IIE ?? PLA2?????????????????????????????
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?????????????????? IIA? PLA2????????????
??????????? (Yamaguchi et al., 2014) (Figure 28)??????? 
(GRCh37P.p13, NC_000001, GPC_000000025)???? (GRCm38.p2, NC_000070, 
GPC_000000777)?????(Gallus_gallus-4.0, NC_006108, GPC_000000738) ??
?? PLA2???????????????????????????????
?????????????????II??? V????? PLA2? OTUD3?
????????????????? (Figure 29)?????????????
II???? PLA2???? MUL1? OTUD3????????????????
??? II??? V???? PLA2???? Ubiquitin regulatory X domain (UBX) 
domain-containing protein 10 (UBXN10) ???? OTUD3??????????? 
MUL1, Von Willebrand Factor A Domain Containing 5B1 (VWA5B1)?UBXN10???
???????????????????????????? 
? ???????????? IIA??? PLA2???????????????
???????????????????????????????????
???????????????, ????????????????????
???????????????????????????????????
???????????????????????????????????
??????? 30~45 kbp???? DNA?????????????????
????????? (??)?????? (???)????? (????)???
?????????????????IIA ???? PLA2??????????
???????????? 
? ?????????????????????? in vitro packaging ????
??????????????????????????30~45 kbp?????
?? DNA????? DNA???????????????????????
???????????????????????????????? (???
?)?????? (???)????? (????)??????????? DNA
?????????????????????????????????? No. 
3?????? No. 10????? No. 17???? DNA???????????
????????????????? (Figure 30)??????5,199???? (?
???: 1.04×105 cfu/ml) ???????????????????1,380???
? (????: 2.76×104 cfu/ml) ?????????????????????
???????????????????????????????????
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???????????????????????????????????
????????? IIA???? PLA2??????????????????
?????????????????? PfpgPLA 1a (A) [PfPLA 7] ? OoPLA2-o3
????? 1 ??????? 3 ???????????? DIG ?? DNA ??
???????????????????????????????????
?????? 199?????????????????? 47????????
??????????????????????????????????? 
(Figure 31, 32)?????IIA???? PLA2????????????????
?? CHO5? CHO3?????????????PCR???????????
? (Figure 33, 34)?????? PCR???????????????????
???????????????????????????????????
????????????????????????????????IIA??
?? PLA2 ??????????????????????????????
???? 2 ????????????????? 1 ????????????
???????? 11?????? 78???????????Pfl-1????, 46
?????? 93???????????Pfl-2????, ??????????
???? 7?????? 83??????????? Ovo-1?????????
??????????????????? DNA ?????????????
Pfl-1?????? PfPLA 1, PfPLA-N [PfPLA 4] ????????? PLA2???
??Pfl-2?????? PfPLA 1, PfBPI????????? PLA2?????Ovo-1
?????? OoPLA2-o2, OoPLA2-o3 ????????? PLA2???????
???????????????????????????????? T7 
Promoter ???????????????????????????????
?? DNA????????????????Pfl-1????? PfPLA 1????
?????????????????Pfl-2????? PfPLA 5?? 1????
?????????????Ovo-1??????? PLA2??????????
???????????????????????????? PLA2?????
?????????????????????????????? Ovo-1 ??
???????????????????????????????????
????GS FLX+???????????????????????? 
 
5-1-1. ?????????? PLA2 ?????????????????
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?????? PLA2????  
? ?????? EST????????????? IIE? PLA2????????
? isotig03504 ?????????????????????????? IIE ?
PLA2?????????????????????????SPII-3? SPII-2?
????????????? PCR????????????????????
??????????????? 4 ??????? 3 ???????????
?? 2.6 kbp ? IIE ? PLA2??????????? PLA2????????? 
(Figure 35)??????????????? PLA2????????? Query?
?? Web BLAST?? blastn????????????????2012????
????????????????? (Dispholidus typus)??????????
? (Leioheterodon madagascariensis) ?????????????? IIE? PLA2
??????????? cDNA ????  (JQ340882, JQ340883, JQ340884, 
JQ340885, JQ340886) ????????????? (Fry et al., 2012)??????
???????????????????? PLA2 ????????????
???????????????? IIE? PLA2? 60~80%??????????
???????????????????????????????????
??????????? PLA2???? IIE ? PLA2????????????
?????? (Figure 36, 37)???????????????????????
???? IIE? PLA2????? PfIIEPLA2?PtIIEPLA2?PeIIEPLA2?OoIIEPLA2 
????? (Yamaguchi et al., 2014)?????????????????? IIE
? PLA2????????????? SPIIRT-1? SPIIRT-2?? SPIIRT-3???
????????????? PCR????????????????????
?????????????????????????????????
(Figure 38)????????????? IIE? PLA2???????? C???
??????? IIE ? PLA2????????? 17 ????????????
????? 6~13????? C????????????? (Figure 36)??? C
???????????????????????????????????
????????????????????????????????????
??? IIE? PLA2? C?????????????????????????
???????????????????????????? IIE? PLA2??
???????????????????????????????????
?? (Figure 37)?????IIE? PLA2??????????? KA/KS?? codeml
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?????? site model?????????????????????????
???????????? (Figure 39)????????? IIE? PLA2????
???????????????????????????????????
???????????????????????????? IIA? PLA2??
???????[Lys49]??? PLA2??????????????????PLA2
????????????????????????? C ?????????
?????????????????????????????????? 
(Andrião-Escarso et al., 2000; Lomonte and Gutiérrez, 2011; Lomonte and Rangel, 
2012; Montecucco et al., 2008; Mora-Obando et al., 2014)?????IIF? PLA2??
?????????? C ????????????????????????
?????????????????????? C ????????????
????????????? (Murakami et al., 2002a)??????????? IIE
? PLA2? C??????????????????????????????
????????????????????????????? IIE? PLA2?
IIA ? PLA2??????????????????????????????
???????????????????????? (Murakami et al., 2002b; 
Touqui and Wu, 2003)??????????????????????????
??????????? 
? ????????? IIE? PLA2????????????????????
???????????????????? IIE? PLA2??????????
???????????????????????????????? IPTG?
???????????????????????????????????
????????? Rosetta-gami™ B (DE3) pLysS?????????????
?????????????????? (Figure 40)????????????
???????????????????????????????????
???????????????????????????????????
?? PLA2???????????????????????????????
??????????? PLA2??????????????????????
???????????????????????????????????
???????????????? IIE? PLA2???????????????
???? IIE ? PLA2? C ???????? (CPRWAPTKGG) ???????
??????????????????????????????? IIE?PLA2
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?????????????? (Figure 41)???????? RNA-seq????
? IIA??[Lys49]PLA2???BPI?RPKM (Reads Per Kilobase of exon per Million 
mapped reads) ? 30.2?????????IIE? PLA2? 4.3?????????
IIE ? PLA2??????????????????????????????
???????????????? IIE? PLA2??????????????
??????Ligation-mediated PCR? Long PCR?? FISH?? (??????
???????????) ???? (Figure 35, 42)?????????????
?? IIE? PLA2???? 3’???????? OTUD3???????????
??????? (synteny) ????????????????????????
????????????????????????? PLA2????????
?????????????????????IIE ? PLA2???? 5’????
???? (????) ?? PfPLA-B’??????????? PtPLA-B ????
???????? PeBP(R)-II?????????? OoPLA2-o3???????
???????????????FISH?????IIE? PLA2???? IIA??
??? PLA2 ?????????????????????????????
?? (Figure 42)?IIA????? PLA2???????????? 2?????
??????????????????????????? (Ikeda et al., 2010)?
PfIIEPLA2?PfpgPLA 1a [PfPLA 7] cDNA???????? FISH???????
???? 2???????????????????PfIIEPLA2? gDNA???
????? FISH??????????? 1????????????????
??? 3???????????????????? IIA?? PLA2?????
??????? IIE? PLA2???????????????????????
????cDNA ??????? FISH ?????? IIE ? PLA2???????
???????????????????????????????????
???????? PLA2 ?????????????????????
PfIIEPLA2? 5’??? IIA??? PLA2???? PcRTF????? IIE? PLA2?
????????????????????????????????2???
???????? IIA??? PLA2????????????????????
?????????????????? IIA??? PLA2???????? 2?
???????????????????????????????????
? PLA2???????????????????????? IIF ? PLA2??
??MUL1????OTUD3???????????????????????
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FISH?????????????????????????????????
?????????????????????????????? PLA2???
???????????? FISH?????????????????????
???????????? 
? ????????? IIA?? PLA2????????????????????
??????????????????? II ??? V ? PLA2???????
? PLA2?????????????????????? PLA2???????
????????????????????????? IIA????? PLA2?
??? IIE ? PLA2?????? OTUD3 ?????????????????
?????????????????????????????????? IIA
?? PLA2?????????????????????????????? II
??? V? PLA2???????? PLA2?????????????????
???? (Yamaguchi et al., 2014)? 
? ???????????????????? IIA?? PLA2????????
?????????????? IID??IIF? PLA2??????? IIF? PLA2
???? 3’????????????? MUL1 ??????????????
? Local BLAST??????????????? IID? PLA2????????
?????????? pGIID-1? pGIID-2?????????? IIF? PLA2?
????? 5’????????????? IIA? PLA2???????????
??????? CHO5? SPIIF-1?????????? IIF? PLA2?????
? 3’????????????? MUL1 ?????????????????
? SPIIF-2 ? Mul1-1 ??????????????????????????
???????????????????????????? PCR?????
?????IID ? PLA2 ?????????????????? pGIID-1 ?
pGIID-2?????????PCR??????????????1.5 kbp??0.9 
kbp? DNA???????? (Figure 43)??????????????????
???????????????????????????????? PfPLA 
8 ? PfPLA 7 ?????? 5’?????????????????????? 
(Chijiwa et al., 2012; Ikeda, 2011)????? PfPLA 8? PfPLA 7?????? 5’
???????????????????????? IID? PLA2??????
??? 2???? PLA2???? PfPLA 7?????????????????
??????????????????????IID ? PLA2????????
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???????????????????????????????????
???????????????????????????? IID? PLA2??
???????????????????????????? ORF ?????
?????????????????PfPLA 8? 5’?????????????
??? PLA2???? ORF??????????????PfPLA 7? 5’????
???????????? PLA2???? ORF ??????????????
???????????????????????????????? 2 ??
???????????????????????????????????
????? 2???? PLA2???? IID ? PLA2?????????????
??????????????????????????????????? 
(Figure 44, 45)?????????? PfPLA 8? 5’??????????? PLA2
???? PfIIDPLA2?PfPLA 7 ? 5’??????????? PLA2 ????
PfIIDPLA2 (ψ) ?????????????????????? PfIIDPLA2 ?
PfIIDPLA2 (?) ????????????? 3???????? IID? PLA2?
??? IID? PLA2???????????????????????????
?????????? (Figure 44)????????? PCR?????????
????????????????????????? PfIIDPLA2 ?????
???????????????????? PfIIDPLA2 (ψ) ????????
??????????????????????? 2?? IID? PLA2????
????????? 5~6 kbp??????????????????? (Figure 
43)?????????? IID? PLA2???????????????????
??????????????????? 1 ???????? 4 ??????
??????????????????????? (Figure 43)?? 4 ????
???????????????????????????????????
? IID? PLA2?????????????????????????????
?? 3???????? 4?????? 3’ UTR??????????????
??????? (Vipera berus berus) ????????????????? 
(Crotalus mitchellii pyrrhus) ????????????????????????
??? IID? PLA2???????????????????????????
???????????????????????????? IID? PLA2??
????????????????????? PLA2????????????
????????????????????????????IID ? PLA2??
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????????? KA/KS?? codeml?????? site model???????
?????????????????????????????? (Figure 46)? 
? ??????????????????????????????????
??????????????????????? IIF? PLA2?????? 5’
????????????? IIA? PLA2?????????????????
? SPIIF-1? CHO5?????????????? PCR??????????
????????????? 6.5 kbp??????? 7 kbp? DNA??????
?? (Figure 43)????????????????????????????
???????????????????????????? PfPLA 8 (Ikeda, 
2011) ? 3’???????????????????????????
OoPLA2-o1 (Nobuhisa et al., 1996) ? 3’??????????? IIF? PLA2??
????????? PLA2????????????????????????
????????? PLA2??????????????????? IIF? PLA2
???????????? IIF? PLA2??????????????????
??? IIF? PLA2??? C???????????????? (Figure 44)? ?
???????????????????????????????????
????????? PLA2?????? IIF? PLA2????? IIF? PLA2??
???????IIF? PLA2????????????????? (Figure 45)?
???????????????? PLA2???? PfIIFPLA2? OoIIFPLA2??
?????????????????? IIF? PLA2????????????
?????????????? (data not shown)???? IIF? PLA2?????
??????????????????? (Masuda et al., 2004)???? IIF?
PLA2 ??? C ????????????????????????? 
(Murakami et al., 2002a)??????????????? IIF? PLA2???? IIF
? PLA2??????????????????????? IIF ? PLA2???
???????? KA/KS?? codeml?????? site model????????
????????????????????????????? (Figure 46)? 
? ???????????????? IIA ?? PLA2???? 3’??? IIF ?
PLA2????????????????? (Figure 43)???? IIF? PLA2??
??3’????????PLA2??????????????????????
????????? IIF ? PLA2 ?????? 3’?????????????
MUL1 ?????????????????? SPIIF-2 ? Mul1-1 ??????
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???????? PCR?????????????????????????
??? 6 kbp?DNA????????????????????DNA??? 5’
? 3’??????? IIF? PLA2?????????????????????
?? PfIIFPLA2? OoIIFPLA2??????????????????????
MUL1 ????? 4 ??????????????????????????
??? (Figure 43)????????? ????????? ????????
???????????????????????????????? Illumina
?? Miseq? Roche? GS FLX?????????????????????
????????????????????????????22,152 bp???
? scaffold???scaffold9571_cov47? IIF? PLA2????? 2???????
PfPLA 1????? 4??????????????????????????
?? PfIIFPLA2, PfIIDPLA2, PfPLA 8, PfPLA 7, PfIIDPLA2 (ψ), PfPLA 6, PfPLA 1?
??????????????????????????????????
MUL1?IIF? PLA2?IID? PLA2?IIA? PLA2?IIE? PLA2?OTUD3????
????????????????????????????????????
???????????????????????????????????
?????? 
 
5-1-2. ?????????? IIA ? PLA2??????????????
??????  
? ??????????????? IIA ??? PLA2 ???????????
? 16~32????????? (Nakashima et al., 1993)????????????
???? 2 ???????????????????????????? 
(Figure 11) (Chijiwa et al., 2012; Ikeda, 2011; Ikeda et al., 2010)?????????
??? IIA ??? PLA2 ????????????????????????
??????? 3 ???????????????????? 3 ?? 1 ???
????????????????????????? (Figure 17) (Nobuhisa 
et al., 1996)???????????? IIA?? PLA2????????????
???????????????????????????????????
??????IIA ?? PLA2??????? 32 kbp ????????????
??Ovo-1????????????????IIA? PLA2?????? OoPLA2-o2
? OoPLA2-o3 ?????????????????????????????
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???????????????????? (Figure 47) (Nobuhisa et al., 1996)?
?????? 2 ?? IIA ? PLA2 ???? 3’???? OTUD3, Peptidylprolyl 
Isomerase H (PPIH), Y Box Binding Protein 1 (YBX1) ????????????
???????????????????? IIA?? PLA2????IIE? PLA2
??????? OTUD3?????????????????????????
???????????????? (Figure 28, 29) (Yamaguchi et al., 2014)???
????????????????? PLA2 ???????????????
???????????????????????????????????
? (Figure 47)?????????2?????? IIA? PLA2????OoPLA2-o2
? OoPLA2-o3? 5’???? OoPLA2-o1???? 1?????????????
???OoPLA2-o1?????????????? SPIIF-1? CHO5??????
???????? PCR ?????OoIIFPLA2?????? 1 ????????
??????????????? PCR??????????????????
????????????? Ovo-1 ???????????????????
??????SK8? CHO3?????????????? PCR???????
????????3,539 bp? DNA?????????? 3,539 bp??????
??????? PCR?????? DNA??? 1,691 bp?Ovo-1? 1,636 bp??
????????????????????????????? PCR????
?? 2??DNA???Ovo-1??????????????????? 2??
??????? DNA??????????????????????????
????????????????? IIA? PLA2?????????????
???????????????????????? IIA? PLA2??????
????????? IIA? PLA2?????????? PfPLA 8???????
??????????PfPLA 6?????????????????PfPLA 2?
????????????????? 3 ?????????????????
?????????????? OoPLA2-o1? PfPLA 8??OoPLA2-o2? PfPLA 6
??OoPLA2-o3? PfPLA 2???????????????????? (Figure 
48)?????IIA? PLA2????????????????????????
??????????????????????? IIA? PLA2???????
?????????????? IIA? PLA2????????????????
?????????????????????? IIA? PLA2????????
??????? IIA? PLA2?????????? PfPLA 7?????????
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????????PfPLA 6?????????????????PfPLA 2???
??????????????PfPLA 2???? 3’?????????????
?? 4??????????????????????????PfPLA 7?PfPLA 
6?PfPLA 2???????????? PLA2???????????? (Figure 
48)???????????????????????????????? IIA
? PLA2?????????????? PLA2???????????????
?????????????????Expert Protein Analysis System (ExPASy) ?
Compute pI/Mw tool ??????????? pI ?????????? (Figure 
49)?????????????????????????????? 3???
??????????????? IIA? PLA2????? 6?????????
???????????[Asp49]?? PLA2???? (Ancestral type), ??[Asp49]
?  (Acidic[Asp49] type), ?? [Asp49]?  (Neutral[Asp49] type), ??? [Asp49]? 
(Basic[Asp49] type), ????[Asp49]? (Highly basic[Asp49] type) ? 5?????
????????[Lys49]?? PLA2?????[Lys49]? ([Lys49] type) ? 1???
???????????????????? (Figure 50)??????????
?????????????? PLA2?????????? pI ???????
??????????????? PfPLA 8?????? OoPLA2-o1?????
??????????????? PfPLA 7 ????????????????
????[Asp49]PLA2???????????????????????PfPLA 6
?????? OoPLA2-o1????????????????????? PLA2?
?????????????????????????? PfPLA 2 ?????
? OoPLA2-o2??????????????????[Lys49]PLA2??????
????????????????????????????????
[Asp49]PLA2??????????????????????????????
??????????????? (Ikeda, 2011; Ikeda et al., 2010)???????
??????[Asp49]PLA2??? PfpgPLA 1b/2b??????????????
???????????????????????????[Asp49]PLA2???
??????????????????????????? (unpublished)??
??????????????????? IIA???? PLA2????????
??????????? A ???????????? PfPLA 6 ? OoPLA2-o2 
(Chijiwa et al., 2012) ???????? PLA2???????????????
????????????????????????????????????
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????????? IIA?? PLA2????????????????????
???????????????????????????????????
???????? IIA?? PLA2?????????????????????
?? IIA? PLA2????????????????????????????
??????????????????????PfPLA 6??????????
???????? MS5-1 ? MS3-1 ???????????? PCR ?????
??????????????????? PfPLA 6 ????????????
???????????????????????????????????
?????????????? (Figure 51)????????????????
??? IIA? PLA2???????????????????????????
???????????????????????????????????
???????????????????? OoPLA2-o2 ????? 3 ????
???????????????????????????????????
????????????????? IIA? PLA2?????????????
???????????????????? 
? ????????? IIA?? PLA2???????????????????
?????????????????????????? IIA?? PLA2???
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????? IIA? PLA2???????????????????????
???????????????????????????????????
??????? 3 ????????????? PLA2???[Asp49]PLA2?
[Lys49]PLA2????????????KA/KS?? codeml?????? site model
????? (Figure 52)?????????????????????????
???????????????????????????????????
????????????????????????????????IIA ?
PLA2??????? (In-paralog) ?? KA/KS?? 1 ????????????
??? (Nakashima et al., 1993; Nobuhisa et al., 1996), ????????????
??? KA/KS?? 1???????????????[Asp49]??[Lys49]?? PLA2
????????????? (Protobothrops)?????? (Ovophis)?????
??? (Crotalus) ???????????????????????????
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3? PLA2???????????????????????????????
??????????????????? IIA? PLA2???????????
???????????????????????????????? 
? ?????????????????????????????? IIA ?
PLA2? 122???? 121?????????????????ORF?????
??????????????????????????????? PAL2NAL
???????????????? 4 ??????????????????
???????????????????????????? (Figure 49, 53)?
???PfPLA 1?? 1??????? 4??????????????????
??????? PfPLA 6?????? 93%???????????????? 4
????????????????????????? 75%????????
???????PfPLA 2 [PfBP-II] ?? 4?????????????????
???????????? 94%????????? (Figure 53)????? PfPLA 
1???? PLA2??? PfPLA 6????[Lys49]PLA2??? PfPLA 2?????
???????????????????????????????????
???????????? IIA ? PLA2 ?????????????????
PLA2 ?[Lys49]PLA2 ??????????????????????????
?????????? (Figure 47, 48)?PfPLA 1????? PfPLA 6? PfPLA 2
??????????????????????????PfPLA 1??????
???????????????????????????????????
??????????????? (Figure 47, 48)??????????????
???????????????????????????????????
?????????????????????????? 
 
5-1-3. ????????? PLA2 ??????????????????
IIE? PLA2????????????????  
? ????? IIA? PLA2????????????????????????
????? IIE? PLA2??????????????????? 3?????
??????????????? (Figure 54)???????IIE? PLA2???
? 5’????????????? Alpha?Alpha? 3’????????????
?? Beta?IIE? PLA2?????????? 1???????? 3?????
?????????????? Chai???????? IIE? PLA2????? 2
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?????? 3??????? Chai????IIA? PLA2???? 3’?????
????????????????? IIA? PLA2???? 3’??? IIE? PLA2
???????????????????????????????????
???? (Figure 28, 29, 47)?PfPLA 6? 3’???????? Chai????? IIE
? PLA2????????????????????????? IIA ? PLA2?
???????????????????????????????????
???????????????????????????????????
????? IIA? PLA2?????????? Alpha, Beta, Chai???????
????????????? (Figure 48)?????????????????
?????????????????????? 5? 1????????? IIE
? PLA2?????? 2????????isotig03505? isotig19327??????
?? IIE? PLA2????????????????????????????
??? 
? ????????? DNA?????????????? PfPLA 7? PfPLA 6
???????????? Beta??? PfPLA 6??Chai??? PfPLA 7???
??????????PfPLA 8? PfPLA 7? PfPLA 1, PfPLA 2, PfPLA 3, PfPLA 4, 
PfPLA 5, PfPLA 6????????? DNA????????????????
???????????????? Beta??? Chai????????????
??????????????????????? (Figure 47, 54)?????
Chai??? The mfold Web Server? DNA Folding Form???????????
????2???????????????????????????????
? 2????? IIE? PLA2????? 1??????? 2?????????
??????? (Figure 55)???? DNA?????????????????
? (Cruciform) ??????????? DSB (Double Strand Break) ??????
??? (Chromosomal crossover) ??? (rearrangement) ??????????
????????? (Bi et al., 2003; Inagaki et al., 2013; Lemoine et al., 2005; 
Mukherjee and Storici, 2012)?????IIA? PLA2?????????????
???????????????? PLA2????OoPLA2-o2, ? 3’??? Chai
???????????????????Chai ??????????????
??????????? IIA?? PLA2??????????????????
????????????  (Figure 47, 48)????? PcRTF ??? 5’ 
Transduction ?? PLA2????????????????????????? 
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(Ikeda, 2011; Ikeda et al., 2010)??????????????? LINE?????
? 5’ truncated ???????5’ Transduction ????????????? 
(Damert et al., 2009; Hulme et al., 2009; Symer et al., 2002; Szak et al., 2002)?? PLA2
???????????????????????????????????
?????????????? PLA2???????? LINE????????
????????????????????????? 
 
5-1-4. ?????????? PLA2 ?????????????????
???????????? PLA2??????????????????  
? ?????????? PLA2??????????????????????
???? PLA2????????????? 2?? IID ? PLA2???????
?????????????????????????????IID ? PLA2?
??????????????????????????????? PCR??
???????????????????????????????????
?????????????? IID ? PLA2???????????? (Figure 
43, 47)????????????? IID? PLA2??????????????
?????????????????????????? PfIIDPLA2?? 1??
????????PfIIDPLA2 (ψ) ?? 1??????????????????
????????????????????????????? (Figure 47)?
????????????? PfIIDPLA2?? 1??????? 1???????
???? 532 bp???????PfIIDPLA2 (ψ) ?? 1??????? 1????
??????? 653 bp??????????? 94%? 93%???? 520 bp?
628 bp? 2?????????????????????????? 2???
???????????????????? OoIIDPLA2? OoIIDPLA2 (ψ) ??
???? 1 ??????? 1 ??????????????????????
???????????????????????????????????
?????????????????????? 2?? IID? PLA2?????
? DNA??????????????????? 7.9 kbp?????????
?????????????????? (Figure 56)????????????
???????????????????????????????????
? 712 bp??????????????????????? 687 bp?????
????????????????? 91%??????? (Figure 56)????
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????????????????????????????? IIA ????
[Asp49]PLA2??? PfPLA2?????? PfPLA 7??????? (Figure 47, 56)?
?????????????????[Asp49]PLA2?????????????
????????????? (Figure 47, 48, 50)??????????????
?????????????????????? 2?? IID? PLA2?????
? 2 ????????????[Asp49]PLA2????????????????
???????????????????????????????? 
(Figure 57)??????? 5? 1? 2????????????????????
??????????????????????????????????
[Asp49]PLA2???[Asp49]PLA2???? PLA2?[Lys49]PLA2?????? 4 ??
???????????????????????????????????
??????????? 
? ???PfIIDPLA2?? 1??????????????????? IIA???
?[Asp49]PLA2??? PfpgPLA 1b?????? PfPLA 8? 5’? 3’??????
? 2????????????????? 5’- ATG TAA TTC TGG GAA CTG 
AAG TCC ACA AGT CT -3’? 5’-ATG TAA TTC TGG GAA CTG AAG CCC ACA 
AGT CT -3’??????????????????? DNA??? 2?????
???????????????????????? DNA ????????
??? TSD (Target site duplication) ??????? (Kazazian, 2004; Kojima, 
2010; Naville et al., 2014; Szak et al., 2002)????PfPLA 8? PfIIDPLA2????
??????????? 1 ?????????????????????? 
PfPLA 8 ???????????????????????????????
???????Chai ??????????????????????????
??PfPLA 8??????????????????????????? 
 
5-1-5. PLA2????????????????????????????
?????????  
? ?????????????? PLA2??????????????????
?????????????????????????????? IIA? PLA2
??????????????????????????????IIC ? PLA2
????????????????IIF, IID, IIA, IIE?? PLA2????????
?????????????????????? (Figure 58)????????
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??????????? IIA, V, IIE?? PLA2???????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???? PLA2?????????????????????????????
?????????????????????????? IIF, IID, IIE?? PLA2
???????????? IIF, IID, IIE???????????? (Figure 59)?
??????? IIA ?? PLA2???? IIA ? PLA2????????????
?????????????[Asp49]?, [Lys49]??????? 3???????
?????????????????????? IIA ? PLA2? IIC ? PLA2?
?????????????????? IIC? PLA2????????? (Figure 
59)????Figure 59???????? V? PLA2???? V? PLA2????
???????????????????????????? IID? PLA2??
????????????????????????????????? 
(Figure 60)??????????????? PLA2?????????????
?????????????????????????????????? IIA
?? V ? PLA2????? IIC ?? IID ? PLA2??????????? PLA2
???????????????????????????????????
???????????????????????????????????
??????????????????????????????????
Contig ? Scaffold ????????? RNA-seq ??????????????
??????????????????????RNA-seq ?????????
?????????????????????????????? BLAST??
? GO (Gene Ontology) ?????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??? 1.0 Gbp ??? (Hillier et al., 2004)???????????????
1.3~1.5 Gbp (Castoe et al., 2013; Ullate-Agote et al., 2014; Vonk et al., 2013) ???
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???????????????????MUL1???? UBXN10? OTUD3?
?????????? PLA2 ??????????????????????
?????????? 19~20 kbp??????????????? 12 kbp??
?????????????? (Figure 58)??????????? (Warren et al., 
2010)???????? (Jarvis et al., 2014), ??????? (Dalloul et al., 2010) 
???????????????????????? IIA?IIF? PLA2????
???????????????? (data not shown)????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????? 
? ???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????IIC, IIF, IID, IIA, IIE?? PLA2??????????????
????????????????????????????? V? PLA2??
???????????????????? PLA2 ?????????IID ?
PLA2?????????????? IID ? PLA2?????????????
??????????????????????????????????
PfIIDPLA2 (ψ) ?????????? IID? PLA2????V? PLA2?????
???????????????????????????????????
??? (Benton et al., 2009, 2015; Donoghue and Benton, 2007; Head, 2015)?IIC, IIF, 
IID, IIA, IIE?? PLA2?????????????????????????
?? (3? 3,290??~3? 1,800???) ?????????????????
? (Amniotes) ????????????????????? PLA2 ????
UBXN10 ? OTUD3 ??????????????????????????
???????????????????????????? IID? PLA2??
?????????????????????V?PLA2??????????
?????????????????????????????????? IIA?
IIF ? PLA2??????????????????????????????
???????? (2? 6,020??~2? 4,710???) ???????????
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?????????????? (Archosaurs)????? (Aves)??? IIF? PLA2
???? IIA? PLA2???????????????????????????
???????????????????????????????????
?????????? PLA2??????????????????IIF? PLA2
???? 3’??? MUL1????VWA5B1?? UBXN10??????????
?????????? (Figure 61)?????????????????? 
(Reptilias) ??????? (Squamates) ?????????????????
?????????????????? IIC? PLA2????????????
?? (Figure 61)??????????????? PLA2???????????
????????????? LCR (Locus control region) ? CTCF (CCCTC 
binding factor) ????????????????????????????
?????????????? PLA2 ??????????????????
????????????????????????????????? PLA2
??????????????????????????????????
IIA ? PLA2??????????????????????????????
?? 
? ??????????????????????????????????
???????????? IIE? PLA2??????????????????
??????? IIE? PLA2????????????????????? (Fry 
et al., 2012)????? IID? PLA2??????? PLA2??????????
????????????????? (Golik et al., 2006)??????????
???????????IIA ? PLA2??????? PLA2?????????
??????????????? (data not shown)?????????????
? IIA? PLA2?????????????????????????????
? PLA2 ???????????????????????????????
???????????????????????????????????
?????????????????? 
? ??????????????? IIA? PLA2??????????????
????????????????????????????? 16S rRNA?12S 
rRNA, ND4 (NADH dehydrogenase, subunit 4), CYTB (Cytochrome b) ?????
???????????????????????????????????
????????????????????????????????????
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??????????????????????????????????
200~100 ???????????????????????????????
?????????? (???????) (Figure 62) (Kimura, 2000, 1996)???
???????????????????????????????????
????????????????????????? 1,800~250??????
???? (Honda et al., 2008; Matsui et al., 2005; Ota, 2012)??????????
???????????????????????????????????
???????16S rRNA, 12S rRNA, ND4, CYTB??????????????
????????? RAxML???????????????????????
?????????? 8???????????????? (Figure 63) (Benton 
et al., 2015; Head, 2015; Holman and Tanimoto, 2004; Parmley and Holman, 2007; 
Rage et al., 2008; Sanders et al., 2010)????????????????????
?????????? 85????????????????????????
??? (Osozawa et al., 2012)???????????????????????
???????????????????????????????????
?????????????????????? 97.5%???????????
?????????? (Figure 63) (Inoue et al., 2010)????????????
???????????????????????????????????
???, mcmctree?????????????? (Figure 64, 65, Table 3, 4)????
??????????????????? (Figure 64, Table 3) ??????? 
(Figure 65, Table 4) ? 2?????????????????????????
???????????????????????????????????
????????????? (??????, ????????????? 
(Protobothrops maolanensis)) ?????????????? 1,190??????
??????????????????????? Hundsdörfer??Malhotra?
Thorpe??Wüster????????????????? (Table 5) (Hundsdörfer et 
al., 2011; Liu et al., 2012; Malhotra and Thorpe, 2000, 2004; Wüster et al., 2008)???
???????????????????????????????? 
(Trimeresurus gracilis) ????????? 1,140??????????????
????????? 1,500~800??????????????????????
???????????????????????????????????
???????????????????????????????????
 128 
???????????????????????????????????
?????????????????????????? (????????
???????????????????????????????????
???????????) ????????? (200 ??~150 ???) (Kimura, 
2000, 1996; Kizaki and Oshiro, 1980, 1977) ????????? (? 500???) 
(Osozawa et al., 2012; Sibuet and Hsu, 2004) ?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????????? (Figure 66) (Hattori, 2014; Ota, 
2012)?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????? 1,500????? (Zachos, 2001)??????????
???????????????????????????????????
???????????? (Hattori, 2014; Ota, 2012)??? 1,500~800?????
???????????????????????????????????
?????????????????????????????????? (?
???????????????????) ????????????????
? 500 ?????????????? (Osozawa et al., 2012; Sibuet and Hsu, 
2004)??200~150 ???????????????????????????
???????????????????????????????????
??????????????? (Figure 66) (Hattori, 2014; Ota, 2012)?????
???????????????????????????????????
???????????????????????? (?????????) ?
???????????????????????????????????
????? (?????) ???????????? 150??????????
???????????????????????????????????
????????????????? ??? 117?????????????
??????????????85 ????????????????????
????????? (Osozawa et al., 2012)?????????????????
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???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????? (Hosoya and Araya, 2005)????
????? 2013?? Zhang???????????????????????
??? DNA???? (GenBank: KC438281.1) ???????????????
???????????????????????????????????
??????????????? (Zhang et al., 2013)?2012?? Liu?????
???????????????????????????????????
???????????????????????????????????
?????????Liu??????????????????? 1?????
???????????????????????????????? (Liu et 
al., 2012)?????2015?? Chen????????????????????
??????????? DNA???? (GenBank: KT447436.1) ???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????? (data not shown)?
???????????????????????????????????
???????????????????????????????????
????????? 
? ???????????????????????????????? IIA?
PLA2??????????????? (Table 6)??????????????
IIA? PLA2??????? IIA? PLA2??????????????????
?????????????????????? (Azemiops feae) ? IIA? PLA2
???[Asp49]PLA2???? PLA2????????????????????
???????????????? 2,719 ????????[Asp49]PLA2???
???????????????????????????????????
??????? (Figure 63, 65, Table 4)??????????????????
?????????????????????[Asp49]PLA2??????????
???????????????????????? (Tsai et al., 2012)????
???????????????????????????????????
???????????????????????????????? 2 ??
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IID ? PLA2??????????????????????????????
???????[Asp49]PLA2???????????????????????
??????????????????????????????????? 
(Barlow et al., 2009; Daltry et al., 1996; Li et al., 2005)?????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????? 60.6%?
???36.3%????3%??????????????????????91.7%?
?? 7.9%???? 2.4%?????? 0.9%????????????????
???????????????? (Nishimura et al., 1991)?????????
???????????????????????? 93%?????????
???????? (Mori and Toda, 2011; Mori et al., 2002)???????????
?????????????????? (Lin and Tu, 2008)?????????
???????????????????????????????????
?????? (???? 100 g??? 22.3 g???????0.4 g???????
???????? 100 g??? 18.1 g???????5.9 g?????????
? (Ministry of education, culture, sports, science and technology, Japan, 2014))???
???????????????????????????????????
??????????????????????????? (Aird et al., 2013)?
?????????????????????????? PLA2???????
??????? 32.14%? 11.06%?????????????????????
??????? 93.11%????PLA2???? 0.65%????????????
???????????????????????????????????
??????????????????????????????? IIA ?
PLA2?????? OoPLA2-o1?????? 2???????????????
?[Asp49]PLA2?????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? PLA2 ????????????????
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?????????? PLA2???????????????????????
?????????????????????????????????? 
 
 
5-2. ????????? [Lys49]PLA2 ???????????????
PLA2????????????  
? ???????????????????????????????????
???????????????????????????????????
???????????????????????????????? PLA2?
???????????????????????????????????
???????????????????????????????????
????[Lys49]PLA2 ??????????????????????????
?????????????????????????????????? 
 
5-2-1. ?????????[Lys49]PLA2???????  
? [Lys49]PLA2 ?????????????????????????????
???????????????? BPI? BPII? 2? (Kihara et al., 1992; Liu et 
al., 1990; Yoshizumi et al., 1990)?????????????? BPI?BPII?BPIII
? 3? (Chijiwa et al., 2003b; Murakami et al., 2009) ?????????????
??????????????????????? 1 ?????????? 
(Chijiwa et al., 2013b, 2000)??????????? (Figure 67)????????
???????????????????????????????????
???????????? PLA2??????????????[Asp49]PLA2?
?? PLA2, ???[Asp49]PLA2??? PLA-B?[Lys49]PLA2??? BPI ????
???????????????PtPLA2?PtPLA-B?PtBPI?????????
???????????????????????????????????
???????????????????????????????????
???? BPII? BPIII?????[Lys49]PLA2???????????????
???? (Yatsui, 2006)????????????? cDNA?????????
??IIA ?? PLA2 ?????????????????????? PtPLA2, 
PtPLA-B, PtBPI ???????????????????[Asp49]PLA2 ???
PLA-N ?????????????????PtPLA-N ???????????
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???????????????????????BPII? BPIII??[Lys49]PLA2
???????????????????????? (Hayama, 2005; Yatsui, 
2006)?2004 ???Tsai ???????????? 4 ????????? PLA2
??????? native??????N?? 29????????????????
???????? PtPLA2?PtPLA-B?PtPLA-N?PtBPI ? N ????????
??????? (Tsai et al., 2004)?PLA2?????????????????
???????????????PLA2 ??????????????? 100%
?????PLA-N ????????????????? 1 ?????????
?????PLA-B ???????????????????????????
????[Lys49]PLA2? BPI?BPII?BPIII?????????????????
??????? 1 ?????????????????? BPI ????? BPI
???????? 100%???????[Lys49]PLA2?????????????
????????????????????????????????????
???? BPII? BPIII?????[Lys49]PLA2???????????????
????????????????[Lys49]PLA2 ??????????????
??????????TaqMan ???????? SNP ???????????
?? (Figure 68)?[Lys49]PLA2????? 3???????? BP-I??????
????BP-II? BP-III?????????????????????????
?????????????????????? SNP???????????
????? DNA??????? (Figure 68)????????????? BP-II
?? BP-III????? 3??????? SNP???????????????
?????????? BP-I?????? BP-II?? BP-III?????????
??????? (Yamaguchi et al., 2015)?????[Lys49]PLA2???? IIA ?
PLA2??????????????????????????? DNA ???
?? PLA2????????????????????? SNP ???????
????? (Figure 69, 70)????????????????????[Lys49]PLA2
?????????????????????????? 2.74 ???????
??? IIA? PLA2??????????????? 1.38??????????
?????????????????????? IIA? PLA2????????
??????????[Lys49]PLA2 ????????????????????
???????????????????[Lys49]PLA2 ???????????
???????????????? 
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5-2-2. ??????[Lys49]PLA2??????????????????  
? ??????????[Lys49]? PLA2??? PtBPI?????? PtBP-I???
??????????????PtBP-I ???? 5’?3’???????????
????????????????PfPLA2-5’Flr1 ? PfPLA2-3’Flr3 ?????
????????? PCR??????????4,271 bp? PtBP-I??????
???????????????????????????????? 5’?? 3’ 
UTR???? 1??? 4?????????????? PtBP-I?????? 3’
??? PcRTF???????????????? (Figure 71)????????
?????? PtBP-I ????? 2 ??????????? IIA ???? PLA2
??????? 1,487 bp ????????????????????????
? 1,487 bp?????????????[Lys49]PLA2????????????
???????????????????????????????????
?????????????? 5’- GGA AAA CGA TTG GGG -3’? TSD???
?? A? (poly-A-tail) ?????????????????????????
?????????????????????????? RepeatMasker ???
????????????????????????? (Anolis carolinensis) ?
?????????????????LINE-1???????????????
??????????????? LINE-1?????????????????
???????????? PtBP-I??????????????LINE? ORF2
?????????? (RT) ??????? 3’ UTR????????????
????? (Figure 71)???? LINE ??????????????????
LINE? 5’ UTR? ORF1??? ORF2??????????????????
???????????? RT??????????????????????
??????????? RT???????????????????? LINE
???????????????????????????????????
?????????????????? RT????? LINE-1???????
????????????PtBPI??????????? 1,487 bp??????
?????? LINE-1 ??????????????? PtLINE-1 ????? 
(Figure 71) (Yamaguchi et al., 2015)? 
 
5-2-3. ???????? AID/APOBEC??????????  
? 2013 ???????????????????? (habu serum factor like 
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protein, HLP) ?????? HLP????????? LINE-1???????? 
(Tanaka et al., 2013)???????? PtLINE-1???????????????
?????LINE-1???????? 17%??????? non-LTR? LINE??
????????? (Lander et al., 2001)?????2012??????????
???????????????????????????????????
?? LINE-1??????????? non-LTR? LINE???????????
?? CR1 (Ikeda et al., 2010)?Bov-B (Kordiš and Gubenšek, 1998, 1997)?LINE-2 
(Lovšin et al., 2001) ???? (Castoe et al., 2013; Suh et al., 2014)? 
? ????????????????????? RNA???????????
???????????????AID (Activation-induced deaminase) ?????
???????????????????? (somatic hypermutation) ????
??????????????????APOBEC (Apolipoprotein B mRNA-editing 
enzyme catalytic polypeptide) ?????????? B? mRNA???????
?????????????????????????? AID/APOBEC???
???????????????????????????????????
????????????????  (Conticello et al., 2005)?????
AID/APOBEC???????????HIV????????????????
?????????????????????HIV ????????????
???Hypermutation??????????????????????????
??? (Alt and Honjo, 2007; Bélanger et al., 2013; Conticello, 2008; Holmes et al., 
2007)?????????????????????????????????
?????????????? (Bélanger et al., 2013; Horn et al., 2014; Iwatani et 
al., 2007)????????????????????? LINE? Alu?????
???????????????????????????????????
????????????? LINE-1???????????????????
??????????????????? RNA??????????????
???????????? (Horn et al., 2014; Ikeda et al., 2011; Koito and Ikeda, 
2013; Lovin and Peterlin, 2009; Metzner et al., 2012; Muckenfuss et al., 2006)?????
??????????????????????????????
AID/APOBEC ?????????????????????????????
?? (Li et al., 2012)?AID/APOBEC???????????????????
???????????????????????? 
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? ???AID/APOBEC???????????????? PtBP-I????? 2
?????????? LINE-1??????????????????????
????????????? (Figure 72)??????PtBP-I ????????
?????????? BPII? BPIII??????[Lys49]PLA2????????
??????????????????????????????PtBP-I, 
PtPLA-B???????? CR1?????????????????? PcRTF
????????? (Figure 71) (Yamaguchi et al., 2014)???????? IIA?
? PLA2???????? PcRTF ????????????????????
?????? SNP????????????????????????LINE-1
?????????????????????????LINE-1???????
???????????????????????????????????
?? RNA-seq?????????????? LINE-1??????? PcRTF?
??????????????? PtBP-I?????????? PtLINE-1???
?????????????????Hypermutation????????????
???????????????? LINE-1????????????????
???????????????????? (Figure 72)????PcRTF???
???????? LINE-1??????????????? 1????????
???????????????????????????????????
???????????????????????????????????
??????????????? (Figure 73)????? PcRTF???????
?????????????????????? AID/APOBEC???????
???? PcRTF????????????????????????????
???????? Hypermutation?????????????????????
?????????????? (Figure 72)?AID/APOBEC?????????
??????????? non-LTR ? LINE ????????????????
??????????? (Lindič et al., 2013)????????????????
??????????????PcRTF?????? AID/APOBEC??????
???????????????????????Hypermutation??????
???????????????????????AID/APOBEC ??????
???????????????????????????????????
??????????????????????????????? CR1 ?
LINE-1 ???? LINE ?????????????????????????
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??????????????????????????????IIA ? PLA2
????????????????????????AID/APOBEC?????
?????? LINE????????????????? 
 
 
5-3. ???????? PLA2????????????????????
??  
? LINE ??????????????? PLA2??????????????
?????????????????????????PLA2????????
???????????????????????????????????
IB ?? PLA2?????????????????????????????
???????????????????????????????????
?????????????IIA?? PLA2?????????[Asp49]PLA2??
? (PfPLA-B? PfPLA-B’) ???? PfPLA 6????????????????
????????????????????? 
 
5-3-1. IB?? IIA? PLA2?????????????????????  
? IB?? PLA2???? PCR??????????????????????
???????????????????????????????????
?????????? (Nakasone, 2006)???? IIA?? PLA2???????
???????????????????????????????????
???????????????????????????????????
? IB ? PLA2?????????????????????????????
????????????? IB ? PLA2?????????????????
???????????????????????????? IB ? PLA2??
???????????????????????????????????
?????????????????? (Figure 74)????????????
??????? IB ? PLA2???????????????????????
???????????????? 84.2%????? 49.6%????? 69.2%?
????????? (Figure 75)????????? IB? PLA2???????
???????????????????????????????????
???????????????????????????????????
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????????????????????????????????????
???????????????????????????????????
?????? Total RNA???? IB? PLA2???? PCR?????????
???????????????????????????????????
???????????????????????????????????
????????? (Figure 76)?????????????????????
? Total RNA ????????????????????????IB ? PLA2
???????????????????????????????????
??? 
? ????? IIA?? PLA2?????????[Asp49]PLA2??? (PfPLA-B?
PfPLA-B’) ???? PfPLA 6 ??????????????????????
??????????????????? No. 3 ?????????????
[Asp49]PLA2??????????????????????????????
65.5%, ???? 88.9%?????????? (Figure 77)??????????
???????????????????????????????????
???????????????????????????????????
?????? 2??????????????????????????? No. 
6?????? 88.5%, ??? 87.2%, ??? 91.7%?????????????
?????????????????????????????? (Figure 78)?
???????????[Asp49]PLA2???????????????????
????????????????????[Asp49]PLA2??????????
????????????????????????????? (Sistrurus)??
????? (Bothrops) ?????????????????????????
?????????????????? (Gregory-Dwyer et al., 1986; Menezes et 
al., 2006; Zelanis et al., 2010)? 
? ??? PfPLA 6???????????????????????? 54.9%?
???? 62.7%????? 71.6%????????????????[Asp49]PLA2
???????????????????????????????????
?????????????????????? (Figure 79)????????
???????????????????????????? (Figure 51, 79)?
???????????????????????????????????
???????????????????????????????????
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? 5’?????????????????????? (Varriale and Bernardi, 
2006a)?????????????????????????????????
???????????????????????????????????
?????????????????? (Varriale and Bernardi, 2006b)?????
?????????????? DNA ??????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????? DNA ??????????????????
???????????????????????????????????
??????????????????????????? 
 
5-3-2. IB?? IIA? PLA2??????????????????????
??  
? ?????????? IB ? PLA2???????????????????
???????????????????????????????????
?????????? JASPAR ?????????????????????
??? 133 ???????? 490 ????????????? 140 ?????
??? 535 ??????????????????????????????
???????????????????????? EST ?????????
???????????????????????????? (Table 7, 8)??
??????????????????????? Score?? 6.5??????
????????? (Table 9, 10)???????????????? 220~250 bp
???? 150 bp??? ETS???????????????????????
??? (Figure 80)?????STAT?????????????? 150 bp??
????????IIA?? PLA2???????????????????ESE-3 
(Table 7-10??? EHF???????) ?????????????????
?? ESE-3?????????????????? (Nakamura et al., 2014)??
????????????????? 60~80 bp ?????????????
Tcfcp21l???????????????MZF1_5-13?Tcfl2?RFX5?????
????????????????????? (Figure 80)?????????
????????? IB ? PLA2?????????????????????
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??????? 
? ???????[Asp49]PLA2??? (PfPLA-B ? PfPLA-B’) ? PfPLA 6 ???
???????????????????????????????????
????? JASPAR?????????????????[Asp49]PLA2????
? 146???????? 711???????PfPLA 6????? 133?????
??? 500 ??????????????????????????????
??? EST ??????????????????????????????
?????????? (Table 11, 12)???????????????????
?????? Score?? 6.5??????????????? (Table 9, 10)??
??????????????170~180 bp????70 bp???Helix-Loop-Helix
???????????????????????????  (Figure 81)???
Helix-Loop-Helix??????????????? IB? PLA2????????
?????????????????????? 170~180 bp ???????
Helix-Loop-Helix??????????????ETS?????????????
???????????????ESE-3???? (Nakamura et al., 2014) ???
? 100 bp???????PfPLA 6????? ETS?????????????
???????????PfPLA 6?????????????????????
???????????????????????????????????
???? DNA?????????????????? 
 
 
5-4. ???????  
? ????????? IIA?? PLA2????????????????????
???????????????????????????????????
???????????????????????????? PLA2?????
???????????????? II ??? V ? PLA2??????? PLA2
???????????????????????????????????
?????????????????????? PLA2???????????
???????????????????????????????? 
? ????????????????? IIA?? PLA2???????????
?????, IIF, IID, IIE????? PLA2??????? II????? PLA2?
?????????????????????MUL1????OTUD3????
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???????????????????????????????? IIA??
PLA2?????????????????????????????????
??????????? PLA2??????????????????????
?????????????????????? IIA? PLA2????????
?????????????????? IIA? PLA2????????????
???????????????????????????????? II ??
?? PLA2???????????????? UBXN10???, VWA5B1???, 
MUL1?????????????????????????????????
???????????? UBXN10????????????? IIC? PLA2?
???????????????????????????????????
?????? 
? ?????????????????? IIA? PLA2???????????
???????????????????????[Asp49]????[Asp49]?, ?
??[Asp49]?, ????[Asp49]?, ???, [Lys49]??? 6 ?????????
???????????[Asp49]????[Asp49]?????, [Lys49]?? PLA2??
???????????????????????????????????
?????????????????????????[Asp49]?????, [Lys49]
?? PLA2? KA/KS?????????????????? 1????????
???????????????????????? 3'??? PcRTF????
?[Lys49]?? PLA2? KA/KS?????????? PLA2??? 3 ??????
????????????????? PLA2????????????? PcRTF
????????????????????3???????????????
?????????? IID? PLA2????? 1??????? 1??????
??????????????????????????? 2?? IID? PLA2
?????????????[Asp49]PLA2?????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????? PLA2??????????? PLA2???
????????????? PLA2????????????????????
???????????????????????????????????
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? PLA2??????????????????????????? PLA2??
????????????????????????? 
 
? ? PLA2 ??????????????????????????????
???????????????????????????????????
[Lys49]PLA2 ??????????????????????????????
??????????? BP-I??????[Lys49]PLA2???????????
???????????? BP-I????? 2???????????????
?? LINE-1 ???????????????????????? LINE-1 ? 
[Lys49]PLA2 ??????????????????????????????
???????????? AID/APOBEC?????????????????
?????? PcRTF???? Hypermutation?? PLA2???????????
?????????????? 
? ?????????? PLA2 ?????????????????????
???????????????????????????????????
????????????????????????????????????
??????????????????????????? 
 
? IIA? PLA2??????[Asp49]PLA2??????? PLA2?????? IB?
PLA2?????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????? PLA2?????? LCR ???????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????? 
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ザ
イ
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ザ
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. 
P
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L
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型
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毒
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画
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換
ク
ロ
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グ
ラ
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ー
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溶
出
プ
ロ
フ
ァ
イ
ル
。
(B
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毒
P
L
A
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イ
ソ
ザ
イ
ム
の
ア
ミ
ノ
酸
配
列
に
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づ
く
系
統
樹
。
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P
L
A
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イ
ソ
ザ
イ
ム
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ン
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伝
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：
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T
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 0
.1
76
4
7.
 P
fB
P
-
I
I
 (
A
) 
 
   
   
0.
25
09
   
   
   
   
  0
.1
78
2 
   
   
   
   
 0
.2
63
9 
   
   
   
   
 0
.2
18
3 
   
   
   
   
 0
.2
17
3 
   
   
   
   
 0
.2
90
8 
   
   
   
   
  
8.
 P
fB
P
-
I
I
I
 (
A
) 
 
   
   
0.
23
39
   
   
   
   
  0
.1
77
5 
   
   
   
   
 0
.2
46
8 
   
   
   
   
 0
.2
02
0 
   
   
   
   
 0
.2
01
0 
   
   
   
   
 0
.2
45
8 
   
   
   
   
 0
.0
11
8
9.
 O
o
P
L
A
2
-
o
1
 
 
   
   
0.
27
22
   
   
   
   
  0
.2
78
4 
   
   
   
   
 0
.3
04
9 
   
   
   
   
 0
.1
95
8 
   
   
   
   
 0
.1
94
9 
   
   
   
   
 0
.2
78
1 
   
   
   
   
 0
.3
27
8 
   
   
   
   
 0
.3
08
7
10
. O
o
P
L
A
2
-
o
2
 
 
   
   
0.
13
52
   
   
   
   
  0
.2
39
5 
   
   
   
   
 0
.1
92
3 
   
   
   
   
 0
.1
44
5 
   
   
   
   
 0
.1
43
9 
   
   
   
   
 0
.1
84
4 
   
   
   
   
 0
.2
24
8 
   
   
   
   
 0
.2
08
6 
   
   
   
   
 0
.2
45
5
11
. O
o
P
L
A
2
-
o
3
 
 
   
   
0.
17
61
   
   
   
   
  0
.1
62
8 
   
   
   
   
 0
.2
47
2 
   
   
   
   
 0
.1
57
7 
   
   
   
   
 0
.1
57
0 
   
   
   
   
 0
.1
76
4 
   
   
   
   
 0
.1
52
9 
   
   
   
   
 0
.1
38
3 
   
   
   
   
 0
.2
35
0 
   
   
   
   
 0
.1
67
4
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Fi
gu
re
 1
9.
 ク
サ
リ
ヘ
ビ
科
ヘ
ビ
の
II
A
型
毒
PL
A
2
ア
イ
ソ
ザ
イ
ム
遺
伝
子
の
構
造
A
 ty
pe
B
 ty
pe
C
 ty
pe
S2
EX
 1
 (5
5 
bp
)
S1
EX
 1
 (1
2 
bp
)
??
??
??
??
??
??
?
??
???
??
??
?
SI
N
T 
2 
(2
19
 b
p)
Ex
on
 1
Ex
on
 2
??
??
??
??
??
??
　
：
コ
ー
デ
ィ
ン
グ
領
域
，　
　
：
U
TR
。
出
典
：
??
???
?
??
??
??
???
??
??
??
??
??
??
???
??
??
??
??
??
???
??
??
??
???
??
??
???
??
??
??
??
一
部
修
正
).
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Sc
om
b
F
ig
u
r
e
 2
0
. 
Sc
om
b
配
列
に
よ
る
組
み
換
え
モ
デ
ル
Sc
om
b
Sc
om
b
Sc
om
b
Sc
om
b
R
e
c
o
m
b
in
a
ti
o
n
Sc
om
b-
4 
 
12
28
3 
  
GG
GA
GG
GG
GG
CT
GC
AG
AG
AG
GA
GG
AG
GA
GG
AG
GA
GG
A 
  
12
31
9
Sc
om
b-
5 
 
17
94
4 
  
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
· 
  
17
98
0
Sc
om
b-
Mj
 
  
51
3 
  
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
··
· 
  
  
54
9
BA
Sc
om
b
Sc
om
b
Sc
om
b
H
o
m
o
lo
g
o
u
s
c
h
r
o
m
o
s
o
m
e
s
(
A
)
 S
co
m
b
配
列
ア
ラ
イ
ン
メ
ン
ト
。
Sc
om
b-
4
と
Sc
om
b-
5
は
そ
れ
ぞ
れ
Pf
PL
A 
4
と
Pf
PL
A 
5
遺
伝
子
の
上
流
に
存
在
す
る
。
Sc
om
b-
M
j は
モ
ハ
ー
ベ
ガ
ラ
ガ
ラ
ヘ
ビ
 (
C
ro
ta
lu
s 
sc
ut
ul
at
us
)
の
M
oj
av
e 
to
xi
n
遺
伝
子
上
流
に
存
在
す
る
。
(
B
)
 S
co
m
b
配
列
を
介
し
た
組
み
換
え
モ
デ
ル
。
黒
塗
り
は
Sc
om
b
に
挟
ま
れ
て
い
る
毒
P
L
A
2
遺
伝
子
と
P
c
R
T
F
を
示
す
。
出
典
：
I
k
e
d
a
 e
t 
a
l.
, 
2
0
1
0
. 
G
e
n
e
 4
6
1
, 
1
-
2
, 
1
5
-
2
5
 (
一
部
修
正
)
.
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R
e
tr
o
tr
a
n
sp
o
so
n
s
F
ig
u
re
 2
1
. 
ゲ
ノ
ム
に
含
ま
れ
る
転
移
因
子
群
の
分
類
D
N
A
 t
ra
n
sp
o
so
n
s
L
T
R
N
o
n
-L
T
R
N
o
n
-a
u
to
n
o
m
o
u
s
A
u
to
n
o
m
o
u
s
L
IN
E
 (
L
1
, 
L
2
, 
C
R
1
, 
R
T
E
, 
e
tc
. 
)
S
IN
E
 (
A
lu
, 
e
tc
. 
),
 T
ru
n
c
a
te
d
 t
ra
n
sp
o
sa
b
le
 e
le
m
e
n
ts
E
n
v
e
lo
p
e
 (
+
)
??
??
??
??
???
?
R
e
tr
o
v
ir
u
s 
(H
IV
, 
M
L
V
, 
e
tc
.)
(T
y
, 
IA
P
, 
c
o
p
ia
, 
e
tc
.)
C
la
ss
 I
C
la
ss
 I
I
M
in
ia
tu
re
 i
n
v
e
rt
e
d
-r
e
p
e
a
t 
tr
a
n
sp
o
sa
b
le
 e
le
m
e
n
ts
 (
M
IT
E
),
 T
ru
n
c
a
te
d
 t
ra
n
sp
o
sa
b
le
 e
le
m
e
n
ts
N
o
n
-a
u
to
n
o
m
o
u
s
A
u
to
n
o
m
o
u
s
出
典
：
C
o
rd
a
u
x
 a
n
d
 B
a
tz
e
r,
 2
0
0
9
. 
N
a
t.
 R
e
v
. 
G
e
n
e
t.
 1
0
, 
1
0
, 
6
9
1
-7
0
3
 (
一
部
修
正
).
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O
R
F
1
O
R
F
2
F
ig
u
re
 2
2
. 
ト
ラ
ン
ス
ポ
ゾ
ン
の
転
移
機
序
■
 D
N
A
ト
ラ
ン
ス
ポ
ゾ
ン
T
ra
ns
po
sa
se
■
 L
T
R
型
 レ
ト
ロ
ト
ラ
ン
ス
ポ
ゾ
ン
■
 N
o
n
-L
T
R
型
 レ
ト
ロ
ト
ラ
ン
ス
ポ
ゾ
ン
A
sp
ar
ti
c 
p
ro
te
in
as
e
R
ev
er
se
 t
ra
n
sc
ri
p
ta
se
In
te
g
ra
se
R
N
as
e 
H
ga
g
po
l
O
R
F
1
O
R
F
2
R
ev
er
se
 t
ra
n
sc
ri
p
ta
se
E
n
d
o
n
u
cl
ea
se
ga
g
R
N
A
 p
o
ly
m
er
as
e 
II
R
N
A
転
写
逆
転
写
R
N
A
cD
N
A
ga
g
核
内
輸
送
R
ev
er
se
 t
ra
n
sc
ri
p
ta
se
In
te
g
ra
se
ga
g
ga
g
g
D
N
A
組
み
込
み
転
写
R
N
A
 p
o
ly
m
er
as
e 
II
R
N
A
プ
ラ
ミ
ン
グ
・
逆
転
写
g
D
N
A
R
N
A
O
R
F
2
AA
AA
AA
TT
TT
TT
cD
N
A
組
み
込
み
・
D
N
A
合
成
TT
TT
TT
O
R
F
1
O
R
F
2
F
1
O
R
F
2
ト
ラ
ン
ス
ポ
ザ
ー
ゼ
結
合
T
ra
ns
po
sa
se
T
ra
n
sp
o
sa
se
T
ra
ns
po
sa
se
切
除
g
D
N
A
組
み
込
み
T
ra
ns
po
sa
se
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
L
T
R
(e
nv
)
po
l
(e
nv
)
po
l
(e
nv
)
po
l
(e
nv
)
po
l
(e
nv
)
U
T
R
U
T
R
U
T
R
U
T
R
U
T
R
U
T
R
U
T
R
en
v,
 E
nv
el
op
e;
 g
ag
, 
gr
ou
p 
sp
ec
if
ic
 a
nt
ig
en
; 
L
T
R
, 
L
o
n
g
 T
er
m
in
al
 R
ep
ea
t;
 O
R
F
, 
O
p
en
 r
ea
d
in
g
 f
ra
m
e;
 p
ol
, 
po
ly
m
er
as
e;
 U
T
R
, 
U
n
tr
an
sl
at
ed
 r
eg
io
n
.
矢
印
は
IT
R
, 
In
v
er
te
d
 t
er
m
in
al
 r
ep
ea
t ，
三
角
形
は
T
S
D
, 
T
an
d
em
 s
it
e 
d
u
p
li
ca
ti
o
n
を
示
す
。
出
典
：
L
ev
in
 a
n
d
 M
o
ra
n
, 
2
0
1
1
.N
at
. 
R
ev
. 
G
en
et
. 
1
2
, 
9
, 
6
1
5
–
6
2
7
 (
一
部
修
正
).
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Fig
ure
 23
. N
on
-L
TR
型
LI
NE
の
分
類
と
構
造
R
2 
 
 
 
C
R
E
 
 
 
 
R
4
 
 
 
 
H
E
R
O
 
 
 
 
N
eS
L
 
 
 
 
R
2
R
an
dl
 
 
 
 
R
an
dl
L
1 
 
 
 
Pr
ot
o1
 
 
 
 
L
1
 
 
 
 
T
x1
R
T
E
 
 
 
 
R
T
E
T
P
 
 
 
 
Pr
ot
o2
 
 
 
 
R
T
E
X
 
 
 
 
R
T
E
I 
 
 
 
O
ut
ca
st
 
 
 
 
In
gi
 
 
 
 
I
 
 
 
 
N
im
b
 
 
 
 
T
ad
1
 
 
 
 
L
oa
 
 
 
 
R
1
Jo
ck
ey
  
 
 
Jo
ck
ey
 
 
 
 
R
ex
1
 
 
 
 
C
R
1
 
 
 
 
L
2
 
 
 
 
L
2A
 
 
 
 
L
2B
 
 
 
 
D
ap
hn
e
 
 
 
 
C
ra
ck
S
u
p
er
fa
m
il
y/
G
ro
u
p
 
 
C
la
d
e
U
T
R
U
T
R
R
T
O
R
F2
R
E
L
E
U
T
R
U
T
R
A
PE
R
T
O
R
F2
R
E
L
E
R
N
as
e 
H
U
T
R
U
T
R
A
PE
R
T
O
R
F2 R
N
as
e 
H
O
R
F1
U
T
R
U
T
R
A
PE
R
T
O
R
F2
O
R
F1
U
T
R
U
T
R
A
PE
R
T
O
R
F2 R
N
as
e 
H
O
R
F1
U
T
R
U
T
R
A
PE
R
T
O
R
F2
O
R
F1
A
PE
, A
pu
ri
ni
c/
ap
yr
im
id
in
ic
 e
nd
on
uc
le
as
e;
 R
E
L
E
, R
es
tr
ic
tio
n 
en
zy
m
e 
lik
e 
en
do
nu
cl
ea
se
. 出
典
：
K
ap
ito
no
v 
et
 a
l.,
 2
00
9.
 G
en
e 
44
8,
 2
, 2
07
–2
13
. (
一
部
修
正
).
, K
oj
im
a 
an
d 
Fu
jiw
ar
a,
 2
00
5.
 
G
en
om
e 
R
es
. 1
5,
 8
, 1
10
6–
11
17
. (
一
部
修
正
).
, M
al
ik
 e
t a
l.,
 1
99
9.
 M
ol
. B
io
l. 
E
vo
l. 
16
, 6
, 7
93
–8
05
. (
一
部
修
正
).
, P
er
m
an
ye
r 
et
 a
l.,
 2
00
6.
 I
nt
. J
. B
io
l. 
Sc
i. 
2,
 2
, 4
8–
53
. (
一
部
修
正
).
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F
ig
ur
e 
24
. ハ
ブ
毒
P
L
A
2
ア
イ
ソ
ザ
イ
ム
遺
伝
子
の
挿
入
と
欠
失
モ
デ
ル
Pf
PL
A 
2
P
cR
T
F
 2
Pf
PL
A 
1
P
cR
T
F
 1
Pf
PL
A 
3
P
cR
T
F
 3
“I
ns
er
ti
on
”
P
cR
T
F
 1
Pf
PL
A 
3
“D
el
et
io
n”
Pf
PL
A 
2
P
cR
T
F
 2
Pf
PL
A 
1
??
??
??
??
??
?
P
cR
T
F
 3
P
re
vi
ou
s 
fo
rm
P
re
se
nt
 f
or
m
出
典
：
Ik
ed
a 
et
 a
l.
, 2
01
0.
 G
en
e 
46
1,
 1
-2
, 1
5-
25
 (
一
部
修
正
).
 167 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F
ig
u
r
e
 2
5
. 
P
c
R
T
F
 4
及
び
P
c
R
T
F
 5
の
T
r
u
n
c
a
te
プ
ロ
セ
ス
の
モ
デ
ル
BA
P
fP
L
A
 5
R
T
Sc
om
b
O
R
F
1
A
P
E
O
R
F
2
P
fP
L
A
 5
O
R
F
1
A
P
E
R
T
c
d
Sc
om
b
c
d
P
c
R
T
F
 5
P
fP
L
A
 4
O
R
F
1
A
P
E
R
T
O
R
F
2
a
b
O
R
F
1
A
P
E
P
fP
L
A
 4
R
T
a
b
Sc
om
b
Sc
om
b
P
c
R
T
F
 4
黒
太
線
は
接
続
配
列
 (
c
o
n
n
e
c
ti
v
e
 s
e
q
u
e
n
c
e
)
 を
示
し
，
赤
領
域
は
接
続
配
列
及
び
R
T
ド
メ
イ
ン
に
存
在
す
る
相
同
断
片
配
列
を
示
す
。
出
典
：
I
k
e
d
a
 e
t 
a
l.
, 
2
0
1
0
. 
G
e
n
e
 4
6
1
, 
1
-
2
, 
1
5
-
2
5
 (
一
部
修
正
)
.
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F
ig
u
r
e
 2
6
. 
5
’
 T
r
a
n
s
d
u
c
ti
o
n
に
よ
る
ハ
ブ
毒
P
L
A
2
ア
イ
ソ
ザ
イ
ム
遺
伝
子
の
多
重
化
モ
デ
ル
ve
no
m
 P
L
A
2
P
c
R
T
F
U
T
R
A
P
E
R
T
O
R
F
2
O
R
F
1
U
T
R
R
N
A
R
N
A
 p
o
ly
m
e
r
a
s
e
 I
I
ve
no
m
 P
L
A
2
P
c
R
T
F
U
T
R
A
P
E
R
T
O
R
F
2
O
R
F
1
U
T
R
R
T
A
P
E
A
P
E AA
AA
AA
TT
TT
TT
c
D
N
A
R
N
A
ve
no
m
 P
L
A
2
U
T
R
A
P
E
R
T
O
R
F
1
U
T
R
ve
no
m
 P
L
A
2
U
T
R
A
P
E
R
T
O
R
F
1
U
T
R
g
D
N
A
5
’
3
’ 5
’
3
’
転
写
プ
ラ
ミ
ン
グ
・
逆
転
写
組
み
込
み
・
D
N
A
合
成
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F
ig
ur
e 
27
. I
IE
型
P
L
A
2
に
高
い
相
同
性
を
示
す
3
つ
の
ア
イ
ソ
テ
ィ
グ
is
ot
ig
03
50
4 
  
CT
GA
CT
TG
TA
GA
CT
GC
GC
GT
AA
TT
TG
TA
GC
CC
TG
GA
GC
TT
TA
TG
GA
AG
GA
CT
GG
GG
AG
GT
GG
TG
GG
CC
TG
GC
TG
AC
CG
TC
TT
GG
TT
TT
GC
AC
AC
AC
CC
TC
TG
AA
AA
CA
CC
TC
GA
TG
AT
GC
CT
G
is
ot
ig
03
50
5 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
19
32
7 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
03
50
4 
  
CA
GG
CC
TC
CC
CG
GA
TG
AG
TT
GT
GT
CT
TT
TC
CC
CT
TC
TT
TT
GA
TC
CG
AG
GT
TG
AC
AG
AT
CC
GG
AC
CT
GC
TC
TG
AC
GA
AG
TT
TG
AA
CT
TT
TC
TA
GC
TG
TC
AC
GG
AA
AA
AA
CA
AC
AA
CT
CT
TG
GG
C
is
ot
ig
03
50
5 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
19
32
7 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
03
50
4 
  
TG
AC
TT
GT
GA
CG
CT
CA
CG
GC
AT
TT
TG
TT
CA
GC
GC
TG
AA
GG
CA
GA
GC
CA
CC
GT
GA
GC
TG
GG
GT
GG
AC
TA
CA
AA
CT
CC
AT
TG
TC
CT
GT
AA
GC
CT
CC
AC
TG
GT
TG
GG
CT
TC
CC
CT
GG
AA
TT
CT
GG
G
is
ot
ig
03
50
5 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
19
32
7 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-c
tc
tc
tg
gg
ct
tg
gt
gg
tt
tc
ct
tg
ca
ga
cg
tt
tc
at
ga
cc
ca
gc
ca
gg
ta
ac
gt
ca
tc
ag
c
is
ot
ig
03
50
4 
  
AA
GT
GG
AG
TT
AA
TC
AG
CT
GG
AA
GG
GG
CT
GG
AC
TA
GA
AG
AC
CT
CC
AG
GG
TC
CC
TC
CC
AA
CC
CA
AG
GA
CT
GT
AT
AG
TT
TC
TT
GT
CC
GG
TT
TG
CT
GT
TC
CA
TC
CA
GG
AA
GG
GA
GG
AA
GA
CT
CC
AC
A
is
ot
ig
03
50
5 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
19
32
7 
  
aa
tg
ct
ac
ct
cg
tt
tg
gt
ga
tg
aa
ac
at
ct
gc
ac
ca
gt
gg
ag
tg
gc
ag
gc
ag
tc
ct
ca
gt
tt
ac
aa
ct
gt
tc
ac
tt
ag
tg
ac
cg
tt
ca
aa
gt
ta
ca
gt
gg
at
aa
aa
tt
ca
gg
aa
cc
ag
ac
ac
g
  
  
  
  
  
  
  
  
  
  
  
  
  
M 
 A
  
C 
 L
  
L 
 G
  
G 
 S
  
S 
 P
  
V 
 L
  
L 
 L
  
C 
 V
  
P 
 L
  
L 
 A
  
S 
 A
  
N 
 L
  
I 
 Q
  
F 
 G
  
H 
 I
  
I 
 E
  
H 
 L
  
T 
 G
  
R 
 
is
ot
ig
03
50
4 
  
CC
CT
CT
TC
AG
GA
TG
GC
CT
GT
CT
GC
TT
GG
AG
GC
AG
CA
GC
CC
CG
TC
CT
TC
TC
CT
CT
GC
GT
TC
CG
CT
CT
TG
GC
CA
GC
GC
CA
AT
TT
GA
TC
CA
GT
TT
GG
CC
AC
AT
CA
TC
GA
GC
AC
TT
GA
CC
GG
AA
GA
C
is
ot
ig
03
50
5 
  
--
--
--
--
--
--
--
--
--
-g
gc
cg
ag
gg
ag
ga
gg
gc
gt
gg
ca
tc
ga
gg
ta
gt
tt
ag
aa
tc
gt
gg
gt
ca
tt
ac
gt
cc
ct
tt
tt
tg
gg
gg
gg
gt
tc
ca
tt
gt
aa
ct
gc
ta
ac
cg
tc
cc
ta
cg
ca
a
is
ot
ig
19
32
7 
  
gg
ca
gg
gc
gg
cc
cc
gg
gt
cc
cg
aa
gt
ga
cc
tt
aa
ac
ca
ct
ta
tt
cc
ct
at
ga
aa
ac
ca
ca
aa
gc
ca
cc
tg
gc
ct
tc
gc
tc
ac
gt
tt
tc
ag
ag
tt
tg
ct
tt
ca
aa
at
at
tg
tc
cc
ag
gc
ag
gc
g
  
  
  
  
  
  
  
R 
 P
  
L 
 I
  
Y 
 N
  
G 
 Y
  
G 
 C
  
Y 
 C
  
G 
 L
  
G 
 G
  
S 
 R
  
Q 
 P
  
V 
 D
  
A 
 T
  
D 
 W
  
C 
 C
  
Q 
 V
  
H 
 D
  
C 
 C
  
Y 
 Q
  
A 
 L
  
S 
 R
  
R 
 
is
ot
ig
03
50
4 
  
GC
CC
CC
TG
AT
TT
AC
AA
CG
GC
TA
CG
GC
TG
CT
AC
TG
CG
GG
CT
GG
GC
GG
TT
CC
CG
GC
AG
CC
GG
TG
GA
CG
CC
AC
CG
AT
TG
GT
GT
TG
CC
AA
GT
TC
AT
GA
CT
GC
TG
CT
AT
CA
GG
CC
CT
GT
CG
CG
GC
GC
C
is
ot
ig
03
50
5 
  
cc
gg
tc
at
ta
ag
cg
ag
ga
ac
at
tt
tc
gc
cc
ct
ga
tt
tc
tt
tt
cg
at
ga
ag
tg
tt
tc
tc
cc
ag
gg
at
gc
tg
tt
tg
ag
aa
cc
gc
ct
ct
cc
aa
at
tt
gg
gg
ga
ag
gt
cc
ca
gt
tg
gg
tg
gg
ag
gg
g
is
ot
ig
19
32
7 
  
cc
ca
ac
ag
cc
cc
ag
ag
ac
gg
ac
ac
ag
tg
at
gt
tg
tt
ac
ct
tg
gc
cg
ca
ca
at
tg
tg
gt
tc
tg
tt
ct
tt
gc
tt
cc
aG
GT
GT
TG
CC
AA
GT
TC
AT
GA
CT
GC
TG
CT
AT
CA
GG
CC
CT
GT
CG
CG
GC
GC
C
  
  
  
  
  
  
  
H 
 C
  
K 
 P
  
K 
 M
  
E 
 K
  
Y 
 F
  
Y 
 S
  
V 
 R
  
K 
 D
  
T 
 V
  
T 
 C
  
G 
 G
  
E 
 T
  
E 
 C
  
R 
 R
  
E 
 T
  
C 
 E
  
C 
 D
  
K 
 A
  
A 
 A
  
L 
 C
  
F 
 
is
ot
ig
03
50
4 
  
AC
TG
CA
AA
CC
CA
AA
AT
GG
AG
AA
AT
AT
TT
CT
AC
TC
CG
TC
AG
GA
AA
GA
CA
CC
GT
CA
CT
TG
TG
GT
GG
GG
AG
AC
CG
AG
TG
CC
GG
AG
GG
AA
AC
CT
GC
GA
GT
GT
GA
CA
AA
GC
CG
CA
GC
CC
TC
TG
CT
TC
C
is
ot
ig
03
50
5 
  
ct
cc
ca
ga
tc
aa
ac
ca
gg
ca
ag
ga
ag
ga
cc
cc
cc
cc
tc
ac
gg
ga
cc
cc
tc
tc
ct
ct
cc
aG
GT
GG
GG
AG
AC
CG
AG
TG
CC
GG
AG
GG
AA
AC
CT
GC
GA
GT
GT
GA
CA
AA
GC
CG
CA
GC
CC
TC
TG
CT
TC
C
is
ot
ig
19
32
7 
  
AC
TG
CA
AA
CC
CA
AA
AT
GG
AG
AA
AT
AT
TT
CT
AC
TC
CG
TC
AG
GA
AA
GA
CA
CC
GT
CA
CT
TG
TG
G-
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
  
  
  
  
  
  
  
R 
 H
  
S 
 K
  
F 
 Q
  
G 
 Q
  
Y 
 I
  
H 
 Y
  
R 
 N
  
C 
 L
  
C 
 E
  
G 
 P
  
T 
 P
  
P 
 C
  
Q 
 G
  
V 
 C
  
P 
 R
  
W 
 A
  
P 
 T
  
K 
 G
  
G 
 *
 
is
ot
ig
03
50
4 
  
GC
CA
CT
CG
AA
GT
TT
CA
AG
GC
CA
GT
AC
AT
CC
AC
TA
CC
GC
AA
CT
GT
CT
GT
GC
GA
AG
GA
CC
CA
CA
CC
GC
CT
TG
CC
AG
GG
GG
TC
TG
CC
CC
CG
TT
GG
GC
CC
CC
AC
GA
AG
GG
GG
GC
TG
AG
GC
CG
GC
CC
T
is
ot
ig
03
50
5 
  
GC
CA
CT
CG
AA
GT
TT
CA
AG
GC
CA
GT
AC
AT
CC
AC
TA
CC
GC
AA
CT
GT
CT
GT
GC
GA
AG
GA
CC
CA
CA
CC
GC
CT
TG
CC
AG
GG
GG
TC
TG
CC
CC
CG
TT
GG
GC
CC
CC
AC
GA
AG
GG
GG
GC
TG
AG
GC
CG
GC
CC
T
is
ot
ig
19
32
7 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
  
  
  
  
  
  
  
is
ot
ig
03
50
4 
  
CC
CG
AA
AC
CA
CC
CC
GT
CC
CT
GC
AC
GG
CC
TC
CT
CT
TG
CA
CG
TC
TC
CG
GA
TT
GT
GT
TT
TC
AT
GT
GC
AA
TA
AA
AC
AA
TG
GT
TC
AA
AG
CT
AC
GA
CG
GA
CT
CG
GC
C
is
ot
ig
03
50
5 
  
CC
CG
AA
AC
CA
CC
CC
GT
CC
CT
GC
AC
GG
CC
TC
CT
CT
TG
CA
CG
TC
TC
CG
GA
TT
GT
GT
TT
TC
AT
GT
GC
AA
TA
AA
AC
AA
TG
GT
TC
AA
AG
CT
AC
GA
CG
GA
CT
CG
GC
C
is
ot
ig
19
32
7 
  
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-
is
ot
ig
03
50
5
と
is
ot
ig
19
32
7
の
大
文
字
は
is
ot
ig
03
50
4
と
の
一
致
領
域
を
示
し
，
小
文
字
は
不
一
致
領
域
を
示
す
。
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F
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ur
e 
28
. ビ
ル
マ
ニ
シ
キ
ヘ
ビ
と
キ
ン
グ
コ
ブ
ラ
の
分
泌
型
P
L
A
2
遺
伝
子
ク
ラ
ス
タ
ー
ビ
ル
マ
ニ
シ
キ
ヘ
ビ
 (
S
ca
ff
ol
d 
25
9.
2~
5)
 
キ
ン
グ
コ
ブ
ラ
 (
S
ca
ff
ol
d 
10
15
.1
) 
1 
kb
ビ
ル
マ
ニ
シ
キ
ヘ
ビ
 (
S
ca
ff
ol
d 
12
68
8.
1~
2)
 
1 
kb
II
E
 P
L
A
2 II
E
 P
L
A
2
II
D
 P
L
A
2
II
F
 P
L
A
2
M
U
L
1
O
T
U
D
3
II
D
 P
L
A
2
II
F
 P
L
A
2
M
U
L
1
O
T
U
D
3
II
A
 P
L
A
2
II
A
 P
L
A
2
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II
F
 P
L
A
2
II
D
 P
L
A
2
V
 P
L
A
2
II
A
 P
L
A
2
II
E
 P
L
A
2
O
T
U
D
3
II
C
 P
L
A
2
10
 k
bp
U
B
X
N
1
0
II
F
 P
L
A
2
II
D
 P
L
A
2
V
 P
L
A
2
II
A
 P
L
A
2
II
E
 P
L
A
2
O
T
U
D
3
II
C
 P
L
A
2
10
 k
bp
U
B
X
N
1
0
II
A
 P
L
A
2
II
E
 P
L
A
2
O
T
U
D
3
1 
kb
p
U
B
X
N
1
0
V
 P
L
A
2
Fi
gu
re
 2
9.
 哺
乳
類
・
鳥
類
の
分
泌
型
PL
A
2
遺
伝
子
ク
ラ
ス
タ
ー
ヒ
ト
 (
第
1
染
色
体
p3
6.
13
) 
マ
ウ
ス
 (
第
4
染
色
体
D
3)
 
ニ
ワ
ト
リ
 (
第
21
染
色
体
) 
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30
. P
F
G
E
に
よ
る
ゲ
ノ
ム
サ
イ
ズ
の
確
認
M
1
1
2
3
4
5
6
7
8
M
2
9
M
1
1
2
3
4
5
6
7
8
13
10
11
12
M
2
A B
M
1:
  
T
7 
co
nt
ro
l 
D
N
A
 分
子
量
マ
ー
カ
ー
 (
40
 k
b)
  1
00
 n
g
1:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 1
ゲ
ノ
ム
D
N
A
2:
 
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 2
ゲ
ノ
ム
D
N
A
3:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 3
ゲ
ノ
ム
D
N
A
4:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 4
ゲ
ノ
ム
D
N
A
5:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 5
ゲ
ノ
ム
D
N
A
6:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 5
ゲ
ノ
ム
D
N
A
 シ
ェ
ア
リ
ン
グ
2
回
7:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 5
ゲ
ノ
ム
D
N
A
シ
ェ
ア
リ
ン
グ
3
回
8:
  
ホ
ン
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 5
ゲ
ノ
ム
D
N
A
シ
ェ
ア
リ
ン
グ
4
回
?
??
??
??
?
?
???
??
??
??
???
??
??
??
M
1:
  
T
7 
co
nt
ro
l 
D
N
A
 分
子
量
マ
ー
カ
ー
 (
40
 k
b)
  1
00
 n
g
1:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
0
ゲ
ノ
ム
D
N
A
2:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
1
ゲ
ノ
ム
D
N
A
3:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
2
ゲ
ノ
ム
D
N
A
4:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
3
ゲ
ノ
ム
D
N
A
5:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
4
ゲ
ノ
ム
D
N
A
6:
  
ト
カ
ラ
ハ
ブ
 (
小
宝
島
) 
N
o.
 1
5
ゲ
ノ
ム
D
N
A
7:
  
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 1
7
ゲ
ノ
ム
D
N
A
8:
  
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 1
8
ゲ
ノ
ム
D
N
A
9:
  
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 1
9
ゲ
ノ
ム
D
N
A
10
: 
 
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 2
0
ゲ
ノ
ム
D
N
A
11
: 
 
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 2
1
ゲ
ノ
ム
D
N
A
12
: 
 
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 2
2
ゲ
ノ
ム
D
N
A
13
: 
 
ヒ
メ
ハ
ブ
 (
奄
美
大
島
) 
N
o.
 2
3
ゲ
ノ
ム
D
N
A
?
??
??
??
St
y 
I
分
子
量
マ
ー
カ
ー
  0
.2
 µ
g
ゲ
ル
: 
S
ea
P
la
qu
e®
 G
T
G
®
 A
ga
ro
se
ゲ
ル
濃
度
???
?
???
??
?
泳
動
バ
ッ
フ
ァ
ー
: 
1×
T
A
E
バ
ッ
フ
ァ
ー
泳
動
温
度
: 
16
°C
分
画
サ
イ
ズ
: 
5~
10
0 
kb
泳
動
時
間
: 
15
時
間
16
分
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 1
N
o.
 2
N
o.
 3
N
o.
 4
N
o.
 5
N
o.
 6
N
o.
 7
N
o.
 8
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 9
N
o.
 1
0
N
o.
 1
1
N
o.
 1
2
N
o.
 1
3
N
o.
 1
4
N
o.
 1
5
N
o.
 1
6
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 1
7
N
o.
 1
8
N
o.
 1
9
N
o.
 2
0
N
o.
 2
1
N
o.
 2
2
N
o.
 2
3
N
o.
 2
4
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 2
5
N
o.
 2
6
N
o.
 2
7
N
o.
 2
8
N
o.
 2
9
N
o.
 3
0
N
o.
 3
1
N
o.
 3
2
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 3
3
N
o.
 3
4
N
o.
 3
5
N
o.
 3
6
N
o.
 3
7
N
o.
 3
8
N
o.
 3
9
N
o.
 4
0
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 4
1
N
o.
 4
2
N
o.
 4
3
N
o.
 4
4
N
o.
 4
5
N
o.
 4
6
N
o.
 4
7
N
o.
 4
8
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
31
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 4
9
N
o.
 5
0
N
o.
 5
1
N
o.
 5
2
N
o.
 5
3
N
o.
 5
4
N
o.
 5
5
??
?
?
??
?
プ
レ
ー
ト
区
画
プ
レ
ー
ト
N
o.
 1
~
25
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 2
1~
55
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
32
. ヒ
メ
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 1
N
o.
 2
N
o.
 3
N
o.
 4
N
o.
 5
N
o.
 6
N
o.
 7
N
o.
 8
??
?
?
??
?
プ
レ
ー
ト
N
o.
 1
~
8
の
左
上
と
右
下
，
プ
レ
ー
ト
?
??
??
??
?
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
32
. ヒ
メ
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
ハ
イ
ブ
リ
ダ
イ
ゼ
ー
シ
ョ
ン
N
o.
 9
N
o.
 1
0
N
o.
 1
1
N
o.
 1
2
N
o.
 1
3
N
o.
 1
4
N
o.
 1
5
??
?
?
??
?
プ
レ
ー
ト
区
画
プ
レ
ー
ト
N
o.
 1
~
8
の
左
上
と
右
下
，
プ
レ
ー
ト
N
o.
 9
~
15
の
上
と
下
の
陽
性
ス
ポ
ッ
ト
は
ポ
ジ
テ
ィ
ブ
コ
ン
ト
ロ
ー
ル
 (
N
IS
-1
ク
ロ
ー
ン
) 
の
シ
グ
ナ
ル
で
あ
る
。
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F
ig
ur
e 
33
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
42
M
78
88
93
87
88
95
96
14
68
8
10
16
88
78
87
21
M
95
96
1
2
9
10
11
20
87
32
43
14
68
88
2
86
M
86
87
88
89
95
96
1
77
2
87
88
1
79
9
78
5
1
1
1
3
3
3
3
5
6
6
6
6
6
6
6
7
6
6
7
7
7
7
7
7
8
7
7
8
9
8
9
10
9
9
9
9
9
9
10
10
11
10
10
11
11
11
11
M
92
86
1
3
2n
d
ス
ク
リ
ー
ニ
ン
グ
陽
性
P
la
te
 N
o.
 3
, S
ec
ti
on
 8
7 
P
la
te
 N
o.
 3
, S
ec
ti
on
 9
6 
P
la
te
 N
o.
 6
, S
ec
ti
on
 8
8 
P
la
te
 N
o.
 6
, S
ec
ti
on
 9
6 
P
la
te
 N
o.
 7
, S
ec
ti
on
 1
 
P
la
te
 N
o.
 8
, S
ec
ti
on
 8
7 
P
la
te
 N
o.
 9
, S
ec
ti
on
 8
7 
P
la
te
 N
o.
 9
, S
ec
ti
on
 9
6 
P
la
te
 N
o.
 1
0,
 S
ec
ti
on
 8
7 
P
la
te
 N
o.
 1
0,
 S
ec
ti
on
 8
8 
P
la
te
 N
o.
 1
1,
 S
ec
ti
on
 7
8 
P
la
te
 N
o.
 1
1,
 S
ec
ti
on
 7
9 
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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F
ig
ur
e 
33
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
9
M
88
9
87
9
53
54
88
1
78
10
1
10
87
85
86
77
M
88
92
94
95
96
1
9
10
88
78
86
87
1
95
96
9
M
10
66
67
68
77
78
88
1
10
10
77
86
88
11
87
14
11
12
12
13
13
13
13
14
16
14
16
16
16
16
16
17
16
16
16
16
16
17
17
17
17
17
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18
17
17
19
18
18
18
18
18
18
18
19
20
19
19
19
19
20
19
M
20
21
75
86
20
20
20
20
2n
d
ス
ク
リ
ー
ニ
ン
グ
陽
性
P
la
te
 N
o.
 1
4,
 S
ec
ti
on
 1
 
P
la
te
 N
o.
 1
6,
 S
ec
ti
on
 1
 
P
la
te
 N
o.
 1
6,
 S
ec
ti
on
 8
7 
P
la
te
 N
o.
 1
6,
 S
ec
ti
on
 9
6 
P
la
te
 N
o.
 1
7,
 S
ec
ti
on
 1
 
P
la
te
 N
o.
 1
7,
 S
ec
ti
on
 8
7 
P
la
te
 N
o.
 1
7,
 S
ec
ti
on
 8
8 
P
la
te
 N
o.
 1
7,
 S
ec
ti
on
 9
6 
P
la
te
 N
o.
 1
8,
 S
ec
ti
on
 1
 
P
la
te
 N
o.
 1
8,
 S
ec
ti
on
 8
8 
P
la
te
 N
o.
 1
9,
 S
ec
ti
on
 1
 
P
la
te
 N
o.
 1
9,
 S
ec
ti
on
 8
7 
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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F
ig
ur
e 
33
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
70
M
68
95
89
23
59
60
67
69
45
55
66
36
74
47
56
55
M
4
9
13
26
32
33
37
38
84
59
60
72
36
2
7
12
M
73
86
92
1
3
7
9
10
41
28
30
39
50
45
49
31
21
23
24
25
31
31
31
31
35
34
34
35
35
35
35
41
41
41
41
41
41
41
41
41
41
41
41
41
42
42
42
43
42
42
42
43
43
43
43
43
43
43
43
43
43
43
43
2n
d
ス
ク
リ
ー
ニ
ン
グ
陽
性
な
し
M
41
71
77
78
23
24
67
95
36
36
37
37
38
38
40
40
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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o.
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ec
ti
on
 N
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la
te
 N
o.
 
S
ec
ti
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o.
13
M
64
78
79
89
3
4
5
11
52
31
32
51
86
61
65
94
M
34
41
45
68
75
91
92
93
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95
28
36
71
58
67
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M
75
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75
2
37
65
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5
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43
43
43
43
44
44
44
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44
44
44
44
44
44
44
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45
45
45
45
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46
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47
49
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la
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 N
o.
 4
6,
 S
ec
ti
on
 9
3 
P
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te
 N
o.
 5
5,
 S
ec
ti
on
 1
0 
F
ig
ur
e 
33
. ホ
ン
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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F
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ur
e 
34
. ヒ
メ
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
M
8
88
54
93
95
9
10
60
6
6
2
4
4
4
5
5
5
6
M
96
73
77
78
83
84
87
88
92
7
7
7
7
7
7
7
7
7
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
M
9
76
86
87
88
93
94
8
8
8
8
8
8
8
2n
d
ス
ク
リ
ー
ニ
ン
グ
陽
性
P
la
te
 N
o.
 7
, S
ec
ti
on
 8
4 
P
la
te
 N
o.
 7
, S
ec
ti
on
 9
2 
P
la
te
 N
o.
 8
, S
ec
ti
on
 8
6 
P
la
te
 N
o.
 8
, S
ec
ti
on
 8
7 
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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F
ig
ur
e 
34
. ヒ
メ
ハ
ブ
ゲ
ノ
ム
ラ
イ
ブ
ラ
リ
ー
に
対
す
る
コ
ロ
ニ
ー
P
C
R
P
la
te
 N
o.
 
S
ec
ti
on
 N
o.
2n
d
ス
ク
リ
ー
ニ
ン
グ
陽
性
な
し
M
10
9
9
9
9
9
9
10
10
11
11
11
11
14
13
13
89
19
35
57
65
85
92
72
74
93
24
30
51
40
80
87
M
14
14
14
14
15
1
52
76
89
93
8
44
?
???
?S
ty
 I
分
子
量
マ
ー
カ
ー
，
P
la
te
 N
o.
 :
 プ
レ
ー
ト
番
号
，
S
ec
ti
on
 N
o.
 :
 区
画
番
号
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Fi
gu
re
 3
5.
 ク
サ
リ
ヘ
ビ
科
ヘ
ビ
の
II
E
型
PL
A
2
遺
伝
子
の
同
定
P
fP
L
A
-B
’
P
fI
IE
P
L
A
2
O
T
U
D
3
Pc
R
TF
C
H
O
5
O
TU
D
3-
1
SP
II
-3
SP
II
-2
SP
II
-8
SP
II
-1
0
SP
II
R
T-
2
SP
II
R
T-
1
1 
kb
p
19
.3
3
7.
74
6.
22
4.
26
3.
47
2.
69
1.
88
1.
49
0.
93
0.
42
A B
M
3
4
1
2
M
5
6
M
9
10
7
8
M
： 
M
ar
ke
r 6
分
子
量
マ
ー
カ
ー
 (?
/S
ty
 I)
1 ：
  S
PI
I-
3&
SP
II
-2
 g
PC
R
  ホ
ン
ハ
ブ
2 ：
  S
PI
I-
3&
SP
II
-2
 g
PC
R
  ト
カ
ラ
ハ
ブ
3 ：
  S
PI
I-
3&
SP
II
-2
 g
PC
R
  サ
キ
シ
マ
ハ
ブ
4 ：
  S
PI
I-
3&
SP
II
-2
 g
PC
R
  ヒ
メ
ハ
ブ
5 ：
 S
PI
I-
8 
2n
d 
LM
-P
C
R
  ホ
ン
ハ
ブ
 
6 ：
 S
PI
I-
10
 2
nd
 L
M
-P
C
R
  ホ
ン
ハ
ブ
 
7 ：
 C
H
O
5&
O
TU
D
3-
1 
gP
C
R
  ホ
ン
ハ
ブ
8 ：
 C
H
O
5&
O
TU
D
3-
1 
gP
C
R
  ト
カ
ラ
ハ
ブ
9 ：
 C
H
O
5&
O
TU
D
3-
1 
gP
C
R
  サ
キ
シ
マ
ハ
ブ
10
： 
C
H
O
5&
O
TU
D
3-
1 
gP
C
R
  ヒ
メ
ハ
ブ
(A
) ホ
ン
ハ
ブ
II
E
型
PL
A
2
遺
伝
子
と
そ
の
外
縁
領
域
の
ゲ
ノ
ム
構
造
。
矢
頭
は
PC
R
プ
ラ
イ
マ
ー
を
示
す
。
　
　
：
遺
伝
子
領
域
，　
　
：
コ
ー
デ
ィ
ン
グ
領
域
，　
　
：
5’
U
TR
，　
　
：
3’
U
TR
，　
　
：
Pc
R
TF
。
(B
) 各
種
PC
R
の
泳
動
写
真
。
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Fi
gu
re
 3
6.
 II
E
型
PL
A
2
ア
ミ
ノ
酸
ア
ラ
イ
ン
メ
ン
ト
M
at
ur
e 
pr
ot
ei
n
ex
te
nd
ed
 s
eq
ue
nc
e
sn
ak
e 
II
E 
sp
ec
ifi
c 
si
te
A
ct
iv
e 
si
te
C
a2
+  
bi
nd
in
g 
si
te
??
?
??
?
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
0
 
 
 
 
 
 
 
 
2
0
 
 
 
 
 
 
 
 
3
0
 
 
 
 
 
 
 
 
4
0
 
 
 
 
 
 
 
 
5
0
 
 
 
 
 
 
 
 
6
0
 
 
 
 
 
 
 
 
7
0
 
 
 
 
 
 
 
 
8
0
 
1
 
P
f
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
a
c
l
l
g
g
s
s
p
v
l
l
l
-
-
-
-
-
c
v
p
l
l
a
s
a
N
L
I
Q
F
G
H
I
I
E
H
L
T
G
-
R
R
P
L
I
-
Y
N
G
Y
G
C
Y
C
G
L
G
G
S
R
Q
P
V
D
A
T
D
W
C
C
Q
V
H
D
C
C
Y
Q
 
2
 
P
t
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
a
c
l
l
g
g
s
s
p
v
l
l
l
-
-
-
-
-
c
v
p
l
l
a
s
a
N
L
I
Q
F
G
H
I
I
E
H
L
T
G
-
R
R
P
L
I
-
Y
N
G
Y
G
C
Y
C
G
L
G
G
S
R
Q
P
V
D
A
T
D
W
C
C
Q
V
H
D
C
C
Y
Q
 
3
 
P
e
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
a
c
l
l
g
g
s
s
p
i
l
l
l
-
-
-
-
-
c
v
p
l
l
a
s
a
N
L
I
Q
F
G
H
I
I
E
H
L
T
G
-
R
R
P
L
I
-
Y
N
G
Y
G
C
Y
C
G
L
G
G
S
R
Q
P
V
D
A
T
D
W
C
C
Q
V
H
D
C
C
Y
Q
 
4
 
O
o
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
a
c
l
l
g
g
s
s
p
v
l
l
l
l
l
-
-
-
c
v
p
l
l
a
s
a
N
L
I
Q
F
G
H
I
I
K
H
L
T
G
-
R
S
P
L
I
-
Y
N
G
Y
G
C
Y
C
G
L
G
G
S
R
Q
P
V
D
A
T
D
W
C
C
R
V
H
D
C
C
Y
Q
 
5
 
L
m
L
e
i
-
1
 
 
[
I
I
E
]
 
m
a
r
p
l
c
g
i
s
l
v
l
l
l
-
-
-
-
-
s
v
l
v
f
a
s
a
N
L
I
Q
F
G
W
I
I
K
H
V
T
G
-
R
Q
A
L
I
-
Y
N
G
Y
G
C
Y
C
G
W
G
G
S
R
Q
P
V
D
D
T
D
W
C
C
Q
V
H
D
C
C
Y
G
 
6
 
D
t
D
i
s
-
1
 
 
[
I
I
E
]
 
m
a
r
p
l
c
g
s
s
l
l
l
l
l
l
-
-
-
-
c
v
l
a
f
a
s
a
N
L
I
Q
F
G
V
I
I
R
G
L
T
G
-
R
N
G
L
D
-
Y
N
G
Y
G
C
H
C
G
W
G
G
S
G
Q
P
V
D
D
T
D
W
C
C
H
V
H
D
C
C
Y
E
 
7
 
H
s
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
k
s
p
h
v
l
v
f
l
c
l
l
v
-
-
-
-
-
-
-
-
a
l
v
t
g
N
L
V
Q
F
G
V
M
I
E
K
M
T
G
-
K
S
A
L
Q
-
Y
N
D
Y
G
C
Y
C
G
I
G
G
S
H
W
P
V
D
Q
T
D
W
C
C
H
A
H
D
C
C
Y
G
 
8
 
M
m
I
I
E
P
L
A
2
 
[
I
I
E
]
 
m
k
p
p
i
a
l
a
c
l
c
l
l
v
-
-
-
-
-
-
-
-
p
l
a
g
g
N
L
V
Q
F
G
V
M
I
E
R
M
T
G
-
K
P
A
L
Q
-
Y
N
D
Y
G
C
Y
C
G
V
G
G
S
H
W
P
V
D
E
T
D
W
C
C
H
A
H
D
C
C
Y
G
 
9
 
P
f
P
L
A
-
N
 
 
[
I
I
A
]
 
m
r
t
l
w
i
m
a
-
-
v
l
l
v
-
-
-
-
-
-
-
-
-
g
v
e
g
N
L
L
Q
F
N
K
M
I
K
I
M
T
K
-
K
N
G
F
P
F
Y
T
S
Y
G
C
Y
C
G
W
G
G
R
G
K
P
K
D
A
T
D
R
C
C
F
V
H
D
C
C
Y
E
1
0
 
P
f
P
L
A
-
B
 
 
[
I
I
A
]
 
m
r
t
l
w
i
m
a
-
-
v
l
l
v
-
-
-
-
-
-
-
-
-
g
v
e
g
H
L
L
Q
F
R
K
M
I
K
K
M
T
G
-
K
E
P
I
V
S
Y
A
F
Y
G
C
Y
C
G
K
G
G
R
G
K
P
K
D
A
T
D
R
C
C
F
V
H
D
C
C
Y
E
1
1
 
P
f
P
L
A
 
6
 
 
[
I
I
A
]
 
m
r
t
l
w
i
m
a
-
-
v
l
l
l
-
-
-
-
-
-
-
-
-
g
v
d
g
S
L
V
Q
L
W
K
M
I
K
E
E
T
G
-
K
N
P
F
P
S
Y
T
F
Y
G
C
Y
C
G
L
G
G
Q
G
R
P
R
D
A
T
D
R
C
C
L
M
H
D
C
C
Y
E
1
2
 
L
s
L
s
P
L
A
2
c
P
m
0
9
 [
I
A
]
 
 
m
y
p
a
h
l
l
v
l
l
a
v
c
v
s
l
l
g
a
s
a
i
p
p
l
p
l
N
L
V
Q
F
T
Y
L
I
Q
C
A
N
K
G
S
R
P
S
Y
H
Y
A
D
Y
G
C
Y
C
G
A
G
G
S
G
T
P
V
D
E
L
D
R
C
C
K
I
H
D
D
C
Y
G
1
3
 
P
f
P
a
n
c
P
L
A
2
 
[
I
B
]
 
 
m
n
p
t
h
l
l
v
l
a
a
v
c
v
s
f
l
a
a
s
q
s
-
v
l
p
r
N
L
L
Q
F
S
N
M
I
K
C
A
I
P
G
S
N
P
V
R
D
Y
A
N
Y
G
C
Y
C
G
F
G
G
S
G
T
P
V
D
K
L
D
R
C
C
Q
T
H
D
Q
C
Y
S
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0
 
 
 
 
 
 
 
1
0
0
 
 
 
 
 
 
 
1
1
0
 
 
 
 
 
 
 
1
2
0
 
 
 
 
 
 
 
1
3
0
 
 
 
 
 
 
 
1
4
0
 
 
 
 
 
 
 
1
5
0
 
 
 
 
 
 
 
1
6
0
 
 
 
 
 
 
 
1
7
0
 
 
 
1
 
A
L
S
R
R
H
-
C
K
-
-
-
-
-
P
K
M
E
K
Y
F
Y
S
V
R
K
D
T
V
T
C
G
G
-
E
T
E
C
R
R
E
T
C
E
C
D
K
A
A
A
L
C
F
R
H
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-
S
K
F
Q
G
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I
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C
E
G
P
T
P
P
C
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G
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R
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A
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T
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A
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S
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H
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P
K
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R
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T
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G
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2
)
 
5
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L
S
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R
H
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C
K
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P
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E
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G
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L
S
L
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-
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-
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G
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(
3
8
)
シ
ス
テ
イ
ン
残
基
は
黒
塗
り
で
示
す
。
四
角
括
弧
内
に
は
分
泌
型
PL
A
2
の
グ
ル
ー
プ
，
丸
括
弧
内
に
は
P
fII
EP
LA
2
と
の
相
同
値
を
示
す
。
P
f, 
P
. 
fl
a
vo
vi
ri
d
is
; P
t, 
P
. 
to
ka
re
n
si
s;
 P
e,
 P
. 
el
eg
a
n
s;
 
D
t, 
O
. 
o
ki
n
a
ve
n
si
s;
 D
t, 
D
is
p
h
o
li
d
u
s 
ty
p
u
s;
 L
m
, L
ei
o
h
et
er
o
d
o
n
 m
a
d
a
g
a
sc
a
ri
en
si
s;
 H
s,
 H
o
m
o
 s
a
p
ie
n
s;
 M
m
, M
u
s 
m
u
sc
u
lu
s;
 L
s,
 L
a
ti
ca
u
d
a
 s
em
if
a
sc
ia
ta
。
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Fi
gu
re
 3
7.
 II
E
型
及
び
他
分
泌
型
PL
A
2
の
成
熟
タ
ン
パ
ク
質
に
基
づ
く
系
統
樹
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0
10
0
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10
0
37
53
28
37
98
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23
78
80
59
79
77
47
55
62
59
91
65
96
63
97 88 61
85 4
6 96
98
76
60
76
0.2
Crotalinae
(ve
no
mo
us
)
(no
nv
en
om
ou
s) (ve
no
mo
us
)
(no
nv
en
om
ou
s)
Hs
IIC
PL
A 2
Hs
IIF
PL
A 2
M
mI
IF
PL
A 2
M
mI
ID
PL
A 2
Hs
IID
PL
A 2
M
mV
PL
A 2
Hs
VP
LA
2
M
mI
IC
PL
A 2
Ls
Ls
PL
A2
cP
m0
9
Pf
Pa
nc
PL
A 2
Gg
IB
PL
A 2
Hs
IB
PL
A 2
M
mI
BP
LA
2
Pf
PL
A 
6
Hs
IIA
PL
A 2
Pf
PL
A-
B
Pf
PL
A-
N
M
mI
IA
PL
A 2
Gg
IIE
PL
A 2
Oa
IIE
PL
A 2 Hs
IIE
PL
A 2
Pn
IIE
PL
A 2
Oc
IIE
PL
A 2
Cf
IIE
PL
A 2
Bt
IIE
PL
A 2
M
cII
EP
LA
2
M
mI
IE
PL
A 2
Dt
Di
s-1
Lm
Le
i-1
Lm
Le
i-2
Oo
IIE
PL
A 2
Pf
IIE
PL
A 2
Pt
IIE
PL
A 2
Lm
Le
i-3
Dt
Di
s-2
Pe
IIE
PL
A 2
Group IIA Group IIE
Mammals Snakes
IIC V IIFIID Group I
ノ
ー
ド
の
数
字
は
ブ
ー
ト
ス
ト
ッ
プ
値
を
示
す
。
B
t, 
B
o
s
 t
a
u
r
u
s
; C
f, 
C
a
n
is
 l
u
p
u
s
 f
a
m
il
ia
r
is
; G
g
, G
a
ll
u
s
 g
a
ll
u
s
; M
c
, M
a
c
a
c
a
 m
u
la
tt
a
; O
a
, O
r
n
it
h
o
r
h
y
n
c
h
u
s
 a
n
a
ti
n
u
s
; O
c
, O
r
y
c
to
la
g
u
s
 c
u
n
ic
u
lu
s
; P
n
, P
a
n
 t
r
o
g
lo
d
y
te
s
。
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F
ig
u
re
 3
8
. 
 I
IE
型
P
L
A
2
遺
伝
子
転
写
産
物
の
発
現
組
織
分
布
A B
Bu
cci
na
tor
 m
usc
le
Br
ain
He
art
Lu
ng
Liv
er
Ov
ary
Pa
nc
rea
s
Sm
all
 in
tes
tin
e
Sp
lee
n
Te
sti
s
Ve
no
m 
gla
nd
I
I
E
 P
L
A
2
A
C
T
B
( P
f)
( O
o
)
2
8
 c
y
cl
e
2
0
 c
y
cl
e
Ve
no
m 
gla
nd
L
u
n
g
 (
P
f)
V
en
o
m
 g
la
n
d
 (
P
f)
V
en
o
m
 g
la
n
d
 (
O
o
)
3
5
3
0
2
5
2
0
1
5
1
0 5 0
(A
) 
逆
転
写
P
C
R
に
よ
る
II
E
 P
L
A
2
遺
伝
子
転
写
産
物
発
現
組
織
ボ
デ
ィ
ー
マ
ッ
プ
。
右
数
値
は
P
C
R
サ
イ
ク
ル
数
を
示
す
。
(B
) 
半
定
量
的
発
現
量
の
比
較
。
A
C
T
B
遺
伝
子
転
写
産
物
増
幅
バ
ン
ド
の
蛍
光
強
度
に
基
づ
い
た
定
量
値
を
算
定
し
，
II
E
 P
L
A
2
遺
伝
子
転
写
産
物
増
幅
バ
ン
ド
の
蛍
光
強
度
を
定
量
値
補
正
し
た
後
，
ホ
ン
ハ
ブ
肺
で
の
定
量
値
を
1
と
し
て
，
各
サ
ン
プ
ル
間
で
の
発
現
量
を
相
対
的
に
比
較
し
た
。
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Figure 40. ホンハブの IIE 型 PLA2 組換えタンパク質の大腸菌発現
ATGAATTTGATCCAGTTTGGCCACATCATCGAGCACTTGACCGGAAGACGCCCCCTGATTTACAACGGCTACGGCTGCTACTGCGGGCTG
 M  N  L  I  Q  F  G  H  I  I  E  H  L  T  G  R  R  P  L  I  Y  N  G  Y  G  C  Y  C  G  L
GGCGGTTCCCGGCAGCCGGTGGACGCCACCGATTGGTGTTGCCAAGTTCATGACTGCTGCTATCAGGCCCTGTCGCGGCGCCACTGCAAA 
 G  G  S  R  Q  P  V  D  A  T  D  W  C  C  Q  V  H  D  C  C  Y  Q  A  L  S  R  R  H  C  K
CCCAAAATGGAGAAATATTTCTACTCCGTCAGGAAAGACACCGTCACTTGTGGTGGGGAGACCGAGTGCCGGAGGGAAACCTGCGAGTGT 
 P  K  M  E  K  Y  F  Y  S  V  R  K  D  T  V  T  C  G  G  E  T  E  C  R  R  E  T  C  E  C
GACAAAGCCGCAGCCCTCTGCTTCCGCCACTCGAAGTTTCAAGGCCAGTACATCCACTACCGCAACTGTCTGTGCGAAGGACCCACACCG 
 D  K  A  A  A  L  C  F  R  H  S  K  F  Q  G  Q  Y  I  H  Y  R  N  C  L  C  E  G  P  T  P
CCTTGCCAGGGGGTCTGCCCCCGTTGGGCCCCCACGAAGGGGGGCCTCGAGCACCACCACCACCACCACTGA 
 P  C  Q  G  V  C  P  R  W  A  P  T  K  G  G  L  E  H  H  H  H  H  H  *
A
M. Marker
1. 0.0 mM IPTG Whole cells
2. 0.1 mM IPTG soluble
3. 0.1 mM IPTG pellet (inclusion bodies)
4. 0.2 mM IPTG soluble
5. 0.2 mM IPTG pellet (inclusion bodies)
4. 0.4 mM IPTG soluble
5. 0.4 mM IPTG pellet (inclusion bodies)
4. 0.6 mM IPTG soluble
5. 0.6 mM IPTG pellet (inclusion bodies)
4. 0.8 mM IPTG soluble
5. 0.8 mM IPTG pellet (inclusion bodies)
250
150
100
75
50
37
25
20
15
10
(kDa) M 1 2 3 4 5 6 7 8 9 10 11
B
(A) ホンハブの IIE 型 PLA2 組換えタンパク質コンストラクト配列。(B) IPTG 誘導後の大腸菌粗抽出液の SDS-PAGE。
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Figure 41. IIE 型 PLA2 獲得のためのホンハブ粗毒に対する
アフィニティークロマトグラフィーとウェスタンブロッティング
M: Marker
1: Fraction 5
2: Fraction 6
3: Fraction 7
4: Fraction 16
5: Fraction 17
6: Fraction 18
7: 6×His-tag fusion PfIIEPLA2
8: BSA
9: Anti-rabbit IgG
0 5 10 15 20 25 30 35
0.00
0.05
0.10
0.15
0.20
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0.30
0.35
0.40
0.45
Fraction Number
A
5
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2
A
B C
M 1 2 3 4 5 6 7 8 9M 1 2 3 4 5 6 7 8 9
250
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100
75
50
37
25
20
15
10
(kDa)
M: Marker
1: Fraction 5
2: Fraction 6
3: Fraction 7
4: Fraction 16
5: Fraction 17
6: Fraction 18
7: 6×His-tag fusion PfIIEPLA2
8: BSA
9: Anti-rabbit IgG
(A) ホンハブ IIE 型 PLA2 の C 末端領域のペプチド抗体を用いたアフィニティークロマトグラフィー。
(B) アフィニティークロマトグラフィーで獲得した各フラクションの SDS-PAGE。
(C) アフィニティークロマトグラフィーで獲得した各フラクションのウェスタンブロット。
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F
ig
u
r
e
 4
2
. 
I
I
E
型
P
L
A
2
遺
伝
子
と
I
I
A
型
ハ
ブ
毒
P
L
A
2
遺
伝
子
の
ホ
ン
ハ
ブ
染
色
体
に
お
け
る
局
在
A
B
(
A
)
 I
I
E
型
P
L
A
2
遺
伝
子
 (
Pf
IIE
PL
A 2
)
 g
D
N
A
 P
r
o
b
e
 (
2
,6
1
6
 b
p
)
 を
用
い
た
F
I
S
H
解
析
。
非
特
異
的
な
シ
グ
ナ
ル
を
抑
え
る
た
め
に
，
今
回
は
断
片
化
ゲ
ノ
ム
D
N
A
で
マ
ス
ク
し
て
い
る
。
黄
色
の
シ
グ
ナ
ル
は
Pf
IIE
PL
A 2
を
示
す
。
(
B
)
 I
I
E
型
P
L
A
2
遺
伝
子
 (
Pf
IIE
PL
A 2
)
 c
D
N
A
 P
r
o
b
e
 (
4
0
5
 b
p
)
 と
I
I
A
型
P
L
A
2
遺
伝
子
 (
Pf
pg
PL
A 
1a
 (
A
)
 [
Pf
PL
A 
7]
)
 c
D
N
A
 P
r
o
b
e
 (
5
3
0
 b
p
)
 を
用
い
た
F
I
S
H
解
析
。
赤
色
の
シ
グ
ナ
ル
は
Pf
IIE
PL
A 2
，
黄
色
の
シ
グ
ナ
ル
は
Pf
pg
PL
A 
1a
 (
A
)
を
そ
れ
ぞ
れ
示
す
。
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(A
) ホ
ン
ハ
ブ
II
D
及
び
II
F
型
PL
A
2
遺
伝
子
と
そ
の
外
縁
領
域
の
ゲ
ノ
ム
構
造
。
矢
頭
は
PC
R
プ
ラ
イ
マ
ー
を
示
す
。
　
　
：
遺
伝
子
領
域
，　
　
：
コ
ー
デ
ィ
ン
グ
領
域
，　
　
：
5’
U
TR
，　
　
　
　
：
3’
U
TR
。
(B
) ゲ
ノ
ミ
ッ
ク
PC
R
で
増
幅
さ
れ
た
II
D
型
PL
A
2
遺
伝
子
断
片
, I
IF
型
PL
A
2
遺
伝
子
断
片
, M
U
L1
遺
伝
子
断
片
の
泳
動
写
真
。  
Fi
gu
re
 4
3.
 ク
サ
リ
ヘ
ビ
科
ヘ
ビ
の
II
D
・
II
F
型
PL
A
2
遺
伝
子
及
び
そ
の
外
縁
領
域
の
同
定
Pf
IIF
PL
A 2
Pf
IID
PL
A 2
???
?
Pf
PL
A 
8
SP
II
F-
1
pG
II
D
-1
pG
II
D
-2
pG
II
D
-1
C
H
O
5
1 
kb
p
19
.3
3
7.
74
6.
22
4.
26
3.
47
2.
69
1.
88
1.
49
0.
93
0.
42
A B
M
3
4
1
2
Pf
IID
PL
A 2
Pf
PL
A 
7
pG
II
D
-2
M
： 
M
ar
ke
r 6
分
子
量
マ
ー
カ
ー
 (?
/S
ty
 I)
1 ：
  p
G
II
D
-1
&
pG
II
D
-2
 g
PC
R
  ホ
ン
ハ
ブ
2 ：
  p
G
II
D
-1
&
pG
II
D
-2
 g
PC
R
  ト
カ
ラ
ハ
ブ
3 ：
  p
G
II
D
-1
&
pG
II
D
-2
 g
PC
R
  サ
キ
シ
マ
ハ
ブ
4 ：
  p
G
II
D
-1
&
pG
II
D
-2
 g
PC
R
  ヒ
メ
ハ
ブ
5 ：
 S
PI
IF
-1
&
C
H
O
5 
gP
C
R
  ホ
ン
ハ
ブ
 
6 ：
 S
PI
IF
-1
&
C
H
O
5 
gP
C
R
  ト
カ
ラ
ハ
ブ
5 ：
 S
PI
IF
-1
&
C
H
O
5 
gP
C
R
  サ
キ
シ
マ
ハ
ブ
6 ：
 S
PI
IF
-1
&
C
H
O
5 
gP
C
R
  ヒ
メ
ハ
ブ
5 ：
 S
PI
IF
-2
&
M
ul
1-
1 
gP
C
R
  ホ
ン
ハ
ブ
 
6 ：
 S
PI
IF
-2
&
M
ul
1-
1 
gP
C
R
  ト
カ
ラ
ハ
ブ
5 ：
 S
PI
IF
-2
&
M
ul
1-
1 
gP
C
R
  サ
キ
シ
マ
ハ
ブ
6 ：
 S
PI
IF
-2
&
M
ul
1-
1 
gP
C
R
  ヒ
メ
ハ
ブ
  
~
M
U
L1
M
ul
1-
1
SP
II
F-
2 M
7
8
5
6
M
11
12
9
10
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ア
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ノ
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四
角
括
弧
内
に
は
分
泌
型
PL
A
2
の
グ
ル
ー
プ
を
示
す
。
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5.
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D
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IF
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及
び
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泌
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熟
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ク
質
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46
. ヘ
ビ
類
II
D
, I
IF
型
P
L
A
2
遺
伝
子
の
K
A
/K
S
値
K
A
/K
S
 r
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K
A
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L
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o
r
e
t
i
c
a
l
 
p
I
/
M
w
:
 
8
.
3
6
 
/
 
1
4
0
4
7
.
2
3
1
3
 
P
Y
S
R
K
N
G
V
M
V
C
G
E
-
N
N
P
C
L
K
A
M
C
E
C
D
K
A
V
A
I
C
L
R
D
N
L
D
T
-
-
-
K
K
Y
R
F
Y
L
K
P
F
C
K
K
-
A
D
T
C
 
T
h
e
o
r
e
t
i
c
a
l
 
p
I
/
M
w
:
 
8
.
6
3
 
/
 
1
3
5
7
4
.
7
9
1
4
 
F
Y
F
R
K
N
G
A
I
V
C
G
R
-
G
T
R
C
E
K
Q
I
C
E
C
N
K
A
A
A
I
C
F
R
E
N
L
G
T
Y
-
K
E
E
Y
H
S
Y
G
K
S
R
C
M
X
K
S
P
K
C
 
T
h
e
o
r
e
t
i
c
a
l
 
p
I
/
M
w
:
 
-
-
-
-
 
/
 
-
-
-
-
-
-
-
-
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F
ig
ur
e 
50
. ク
サ
リ
ヘ
ビ
科
ヘ
ビ
の
毒
P
L
A
2
遺
伝
子
ク
ラ
ス
タ
ー
領
域
に
含
ま
れ
る
II
A
型
毒
P
L
A
2
の
成
熟
タ
ン
パ
ク
質
に
基
づ
く
系
統
分
類
10
0
54
98
75
10
0
90
47
86
85
88
55
P
fPL
A 
7 (
P
fPL
A2
)
C
m
p
 N
eu
tr
al
[A
sp
49
]P
L
A
2
P
fP
L
A
 8
 (
pg
P
L
A
1b
 (
A
))
O
o
PL
A
2-
o1
Pf PLA 4 (Pf
PLA-N)
P
fP
LA
 5
 (P
fP
LA
-B
)
PfPLA-B’
P
fP
L
A
 2
 (
P
fB
P
II
)
C
m
p
 [L
ys
49
]P
LA
2
Oo
PLA
2-o3
O
o
PL
A
2-o
2
C
m
p
 A
nc
es
tr
al
 P
L
A
2
Pf
 PL
A 6
0.2
[L
ys
49
]
Ba
sic
[A
sp
49
]
Ac
idi
c[A
sp
49
]
Ne
utr
al[
As
p4
9 ]
Hi
gh
ly 
ba
sic
[A
sp
49
]
An
ce
str
al
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F
ig
u
re
 5
1
. 
 祖
先
型
P
L
A
2
, 
P
fP
L
A
 6
と
O
o
P
L
A
2
-
o
2
, 
遺
伝
子
転
写
産
物
の
発
現
組
織
分
布
A B
Bu
cci
na
tor
 m
usc
le
Br
ain
He
art
Lu
ng
Liv
er
Ov
ary
Pa
nc
rea
s
Sm
all
 in
tes
tin
e
Sp
lee
n
Te
sti
s
Ve
no
m 
gla
nd
P
fP
L
A
 6
(O
o
P
L
A
2
-
o
2
)
A
C
T
B
( P
f)
( O
o
)
3
5
 c
y
cl
e
2
2
 c
y
cl
e
Ve
no
m 
gla
nd
1
.0
0
.8
0
.6
0
.4
0
.2
0
.0
(A
) 
逆
転
写
P
C
R
に
よ
る
祖
先
型
P
L
A
2
, 
P
fP
L
A
 6
と
O
o
-
P
L
A
2
-
o
2
，
遺
伝
子
転
写
産
物
発
現
組
織
ボ
デ
ィ
ー
マ
ッ
プ
。
右
数
値
は
P
C
R
サ
イ
ク
ル
数
を
示
す
。
(B
) 
半
定
量
的
発
現
量
の
比
較
グ
ラ
フ
。
A
C
T
B
遺
伝
子
転
写
産
物
増
幅
バ
ン
ド
の
蛍
光
強
度
に
基
づ
い
た
定
量
値
を
算
定
し
，
祖
先
型
P
L
A
2
遺
伝
子
転
写
産
物
増
幅
バ
ン
ド
の
蛍
光
強
度
を
定
量
値
補
正
し
た
後
，
ホ
ン
ハ
ブ
毒
腺
で
の
定
量
値
を
1
と
し
て
，
各
サ
ン
プ
ル
間
で
の
発
現
量
を
相
対
的
に
比
較
し
た
。
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F
ig
ur
e 
52
. ヘ
ビ
類
II
A
型
P
L
A
2
遺
伝
子
の
K
A
/K
S
値
A B K
A
/K
S
 r
at
io
 (
K
A
, K
S
)  
 
1
1.
 P
fP
L
A
 8
 (
P
fp
g
P
L
A
 1
b
 (
A
))
   
   
   
   
2.
 O
o
P
L
A
2
-
o
1
 
 
  
0.
27
23
 (
0.
09
68
 0
.3
55
5)
K
A
/K
S
 r
at
io
 (
K
A
, K
S
) 
 
 
1 
 
 
 
2 
 
 
 
3 
 
 
 
4
1.
 P
fP
L
A
 6
  
   
  
2.
 O
o
P
L
A
2
-
o
2
 
 
 
0.
26
38
 (
0.
03
18
 0
.1
20
5)
3.
 O
h
I
I
A
P
L
A
2
 
 
 
0.
47
13
 (
0.
13
01
 0
.2
76
1)
 
0.
40
61
 (
0.
11
41
 0
.2
80
8)
4.
 P
m
I
I
A
P
L
A
2
 
 
 
0.
43
65
 (
0.
31
43
 0
.7
20
0)
 
0.
42
36
 (
0.
32
49
 0
.7
67
1)
 
0.
37
81
 (
0.
31
25
 0
.8
26
6)
5.
 C
m
p
A
n
c
e
s
tr
a
l 
P
L
A
2
 
 
0.
23
58
 (
0.
03
82
 0
.1
62
2)
 
0.
10
05
 (
0.
01
89
 0
.1
88
4)
 
0.
24
93
 (
0.
10
66
 0
.4
27
6)
 
0.
33
56
 (
0.
32
65
 0
.9
73
0)
K
A
/K
S
 r
at
io
 (
K
A
, K
S
)  
 
1 
 
 
 
2
1.
 P
fP
L
A
 2
 (
P
fB
P
-
I
I
) 
   
   
   
   
 
2.
 O
o
P
L
A
2
-
o
3
 
 
 
0.
96
52
 (
0.
15
04
 0
.1
55
8)
3.
 C
m
p
[
L
y
s
4
9
]
P
L
A
2
 
 
 
0.
77
65
 (
0.
14
02
 0
.1
80
5)
 
0.
78
26
 (
0.
17
50
 0
.2
23
6)
C
(A
) 
A
nc
es
tr
al
 P
L
A
2
遺
伝
子
の
K
A
/K
S
値
。
(B
) 
A
ci
di
c[
A
sp
49
]P
L
A
2
遺
伝
子
の
K
A
/K
S
値
。
(C
) 
[L
ys
49
]P
L
A
2
遺
伝
子
の
K
A
/K
S
値
。
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Fi
gu
re
 5
3.
 P
fP
LA
 1
, P
fP
LA
 2
, P
fP
LA
 6
の
コ
ド
ン
ア
ラ
イ
ン
メ
ン
ト
1
.
 
Pf
P
L
A
 
1
 
 
 
m
 
 
r
 
 
t
 
 
l
 
 
w
 
 
i
 
 
m
 
 
a
 
 
v
 
 
l
 
 
l
 
 
v
 
 
g
 
 
v
 
 
d
 
 
g
 
 
S
 
 
L
 
 
V
 
 
Q
 
 
L
 
 
W
 
 
K
 
 
M
 
 
I
 
 
K
 
 
E
 
 
E
 
 
T
 
 
G
 
 
K
 
 
N
 
 
P
 
 
F
 
 
 
 
 
A
T
G
A
G
G
A
C
T
C
T
T
T
G
G
A
T
A
A
T
G
G
C
C
G
T
G
T
T
G
C
T
G
G
T
G
G
G
C
G
T
C
G
A
T
G
G
G
A
G
C
C
T
G
G
T
C
C
A
A
T
T
G
T
G
G
A
A
G
A
T
G
A
T
C
A
A
G
G
A
A
G
A
G
A
C
G
G
G
G
A
A
A
A
A
C
C
C
A
T
T
T
2
.
 
Pf
P
L
A
 
6
 
 
 
m
 
 
r
 
 
t
 
 
l
 
 
w
 
 
i
 
 
m
 
 
a
 
 
v
 
 
l
 
 
l
 
 
l
 
 
g
 
 
v
 
 
d
 
 
g
 
 
S
 
 
L
 
 
V
 
 
Q
 
 
L
 
 
W
 
 
K
 
 
M
 
 
I
 
 
K
 
 
E
 
 
E
 
 
T
 
 
G
 
 
K
 
 
N
 
 
P
 
 
F
 
 
 
 
 
A
T
G
A
G
G
A
C
G
C
T
C
T
G
G
A
T
A
A
T
G
G
C
C
G
T
G
T
T
G
C
T
G
C
T
G
G
G
T
G
T
C
G
A
T
G
G
G
A
G
C
C
T
G
G
T
C
C
A
A
T
T
G
T
G
G
A
A
G
A
T
G
A
T
C
A
A
G
G
A
A
G
A
G
A
C
G
G
G
G
A
A
A
A
A
C
C
C
A
T
T
T
3
.
 
Pf
P
L
A
 
2
 
 
 
m
 
 
r
 
 
t
 
 
l
 
 
w
 
 
i
 
 
m
 
 
a
 
 
v
 
 
l
 
 
l
 
 
v
 
 
g
 
 
v
 
 
d
 
 
g
 
 
S
 
 
L
 
 
V
 
 
Q
 
 
L
 
 
W
 
 
K
 
 
M
 
 
I
 
 
F
 
 
Q
 
 
E
 
 
T
 
 
G
 
 
K
 
 
E
 
 
A
 
 
A
 
 
 
 
A
T
G
A
G
G
A
C
T
C
T
C
T
G
G
A
T
A
A
T
G
G
C
C
G
T
G
T
T
G
C
T
G
G
T
G
G
G
C
G
T
C
G
A
T
G
G
G
A
G
C
C
T
G
G
T
C
C
A
A
T
T
G
T
G
G
A
A
G
A
T
G
A
T
C
T
T
C
C
A
A
G
A
G
A
C
G
G
G
G
A
A
A
G
A
A
G
C
T
G
C
T
1
.
 
 
P
 
 
S
 
 
Y
 
 
T
 
 
F
 
 
Y
 
 
G
 
 
C
 
 
Y
 
 
C
 
 
G
 
 
L
 
 
G
 
 
G
 
 
Q
 
 
G
 
 
R
 
 
P
 
 
R
 
 
D
 
 
A
 
 
T
 
 
D
 
 
R
 
 
C
 
 
C
 
 
L
 
 
M
 
 
H
 
 
D
 
 
C
 
 
C
 
 
Y
 
 
E
 
 
N
 
 
L
 
 
C
C
C
T
C
C
T
A
C
A
C
C
T
T
T
T
A
C
G
G
A
T
G
C
T
A
C
T
G
T
G
G
C
C
T
G
G
G
G
G
G
C
C
A
A
G
G
C
C
G
G
C
C
A
C
G
G
G
A
C
G
C
C
A
C
T
G
A
C
C
G
C
T
G
C
T
G
C
T
T
G
A
T
G
C
A
T
G
A
C
T
G
C
T
G
T
T
A
C
G
A
G
A
A
T
C
T
G
2
.
 
 
P
 
 
S
 
 
Y
 
 
T
 
 
F
 
 
Y
 
 
G
 
 
C
 
 
Y
 
 
C
 
 
G
 
 
L
 
 
G
 
 
G
 
 
Q
 
 
G
 
 
R
 
 
P
 
 
R
 
 
D
 
 
A
 
 
T
 
 
D
 
 
R
 
 
C
 
 
C
 
 
L
 
 
M
 
 
H
 
 
D
 
 
C
 
 
C
 
 
Y
 
 
E
 
 
N
 
 
L
 
 
 
C
C
C
T
C
C
T
A
C
A
C
C
T
T
T
T
A
C
G
G
A
T
G
C
T
A
C
T
G
T
G
G
C
C
T
G
G
G
G
G
G
C
C
A
A
G
G
C
C
G
G
C
C
A
C
G
G
G
A
C
G
C
C
A
C
T
G
A
C
C
G
C
T
G
C
T
G
C
T
T
G
A
T
G
C
A
T
G
A
C
T
G
C
T
G
T
T
A
C
G
A
G
A
A
T
C
T
G
3
.
 
 
K
 
 
N
 
 
Y
 
 
G
 
 
L
 
 
Y
 
 
G
 
 
C
 
 
N
 
 
C
 
 
G
 
 
V
 
 
G
 
 
R
 
 
R
 
 
G
 
 
K
 
 
P
 
 
K
 
 
D
 
 
A
 
 
T
 
 
D
 
 
S
 
 
C
 
 
C
 
 
Y
 
 
V
 
 
H
 
 
K
 
 
C
 
 
C
 
 
Y
 
 
K
 
 
K
 
 
V
 
A
A
A
A
A
C
T
A
C
G
G
C
T
T
A
T
A
C
G
G
A
T
G
C
A
A
C
T
G
C
G
G
C
G
T
G
G
G
G
A
G
G
C
G
A
G
G
C
A
A
G
C
C
A
A
A
G
G
A
C
G
C
T
A
C
T
G
A
C
A
G
C
T
G
C
T
G
C
T
A
T
G
T
G
C
A
C
A
A
A
T
G
C
T
G
T
T
A
C
A
A
A
A
A
A
G
T
G
1
.
 
 
T
 
 
G
 
 
X
 
 
K
 
 
T
 
 
K
 
 
T
 
 
D
 
 
P
 
 
Y
 
 
P
 
 
Y
 
 
S
 
 
R
 
 
K
 
 
N
 
 
G
 
 
V
 
 
M
 
 
V
 
 
C
 
 
G
 
 
E
 
 
-
 
 
N
 
 
N
 
 
P
 
 
C
 
 
L
 
 
K
 
 
A
 
 
M
 
 
C
 
 
E
 
 
C
 
 
D
 
 
A
C
C
G
G
C
X
G
C
A
A
G
A
C
C
A
A
A
A
C
G
G
A
C
C
C
C
T
A
C
C
C
C
T
A
C
A
G
C
C
G
G
A
A
G
A
A
C
G
G
G
G
T
T
A
T
G
G
T
C
T
G
C
G
G
A
G
A
G
-
-
-
A
A
T
A
A
C
C
C
A
T
G
C
C
T
G
A
A
G
G
C
G
A
T
G
T
G
T
G
A
G
T
G
T
G
A
C
2
.
 
 
T
 
 
G
 
 
C
 
 
K
 
 
T
 
 
K
 
 
T
 
 
D
 
 
P
 
 
Y
 
 
P
 
 
Y
 
 
S
 
 
Q
 
 
K
 
 
N
 
 
G
 
 
V
 
 
M
 
 
V
 
 
C
 
 
G
 
 
G
 
 
-
 
 
G
 
 
T
 
 
W
 
 
C
 
 
K
 
 
K
 
 
Q
 
 
I
 
 
C
 
 
E
 
 
C
 
 
D
 
 
 
A
C
C
G
G
C
T
G
C
A
A
G
A
C
C
A
A
A
A
C
G
G
A
C
C
C
C
T
A
C
C
C
C
T
A
C
A
G
C
C
A
G
A
A
G
A
A
C
G
G
G
G
T
T
A
T
G
G
T
C
T
G
C
G
G
A
G
G
G
-
-
-
G
G
C
A
C
C
T
G
G
T
G
C
A
A
G
A
A
G
C
A
G
A
T
T
T
G
T
G
A
G
T
G
T
G
A
C
3
.
 
 
T
 
 
G
 
 
C
 
 
N
 
 
P
 
 
K
 
 
M
 
 
D
 
 
S
 
 
Y
 
 
S
 
 
Y
 
 
S
 
 
W
 
 
K
 
 
N
 
 
K
 
 
A
 
 
I
 
 
V
 
 
C
 
 
G
 
 
E
 
 
K
 
 
N
 
 
P
 
 
P
 
 
C
 
 
L
 
 
K
 
 
Q
 
 
V
 
 
C
 
 
E
 
 
C
 
 
D
 
A
C
C
G
G
C
T
G
C
A
A
C
C
C
C
A
A
A
A
T
G
G
A
C
A
G
C
T
A
C
T
C
C
T
A
T
A
G
C
T
G
G
A
A
G
A
A
C
A
A
G
G
C
C
A
T
C
G
T
C
T
G
C
G
G
A
G
A
G
A
A
A
A
A
C
C
C
A
C
C
A
T
G
C
C
T
G
A
A
G
C
A
G
G
T
G
T
G
T
G
A
G
T
G
C
G
A
C
1
.
 
 
K
 
 
A
 
 
V
 
 
A
 
 
I
 
 
C
 
 
L
 
 
R
 
 
D
 
 
N
 
 
L
 
 
D
 
 
T
 
 
-
 
 
-
 
 
K
 
 
K
 
 
Y
 
 
R
 
 
F
 
 
Y
 
 
L
 
 
K
 
 
P
 
 
F
 
 
C
 
 
K
 
 
K
 
 
-
 
 
A
 
 
D
 
 
T
 
 
C
 
 
*
 
A
A
G
G
C
C
G
T
G
G
C
A
A
T
C
T
G
C
C
T
C
C
G
A
G
A
C
A
A
T
C
T
G
G
A
C
A
C
G
-
-
-
-
-
-
A
A
A
A
A
A
T
A
T
A
G
G
T
T
T
T
A
C
C
T
G
A
A
A
C
C
T
T
T
C
T
G
C
A
A
G
A
A
G
-
-
-
G
C
A
G
A
T
A
C
A
T
G
C
T
A
A
2
.
 
 
K
 
 
A
 
 
T
 
 
A
 
 
I
 
 
C
 
 
L
 
 
R
 
 
D
 
 
N
 
 
L
 
 
D
 
 
T
 
 
Y
 
 
N
 
 
K
 
 
E
 
 
Y
 
 
Q
 
 
F
 
 
Y
 
 
G
 
 
D
 
 
F
 
 
R
 
 
C
 
 
K
 
 
E
 
 
G
 
 
P
 
 
K
 
 
K
 
 
C
 
 
*
 
A
A
G
G
C
C
A
C
G
G
C
A
A
T
C
T
G
C
C
T
C
C
G
A
G
A
C
A
A
T
C
T
G
G
A
C
A
C
A
T
A
C
A
A
C
A
A
A
G
A
A
T
A
T
C
A
G
T
T
T
T
A
T
G
G
G
G
A
C
T
T
T
C
G
T
T
G
C
A
A
G
G
A
G
G
G
T
C
C
A
A
A
G
A
A
A
T
G
C
T
A
A
3
.
 
 
K
 
 
A
 
 
V
 
 
A
 
 
I
 
 
C
 
 
L
 
 
R
 
 
E
 
 
N
 
 
L
 
 
G
 
 
T
 
 
Y
 
 
N
 
 
K
 
 
K
 
 
Y
 
 
T
 
 
I
 
 
Y
 
 
P
 
 
K
 
 
P
 
 
F
 
 
C
 
 
K
 
 
K
 
 
-
 
 
A
 
 
D
 
 
T
 
 
C
 
 
*
 
A
A
G
G
C
C
G
T
G
G
C
A
A
T
C
T
G
C
C
T
C
C
G
A
G
A
A
A
A
T
T
T
G
G
G
C
A
C
G
T
A
C
A
A
C
A
A
A
A
A
A
T
A
T
A
C
G
A
T
T
T
A
C
C
C
G
A
A
A
C
C
T
T
T
C
T
G
C
A
A
G
A
A
G
-
-
-
G
C
A
G
A
T
A
C
A
T
G
C
T
A
A
上
段
に
ア
ミ
ノ
酸
，
下
段
に
そ
れ
に
対
応
す
る
コ
ド
ン
を
記
し
，
シ
グ
ナ
ル
ペ
プ
チ
ド
は
小
文
字
で
示
す
。
灰
色
の
枠
は
第
1 ，
3
エ
ク
ソ
ン
の
コ
ー
デ
ィ
ン
グ
領
域
を
示
す
。
赤
字
は
そ
れ
ぞ
れ
高
い
相
同
性
を
示
す
領
域
を
示
す
。
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 1
44,5
21
Pf
PL
A 
8
Pf
PL
A 
7
Pf
PL
A 
6
Pf
PL
A 
5
Pf
PL
A 
4
Pf
PL
A 
3
Pf
PL
A 
2
Pf
PL
A 
1
??
??
??
?
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
??
??
?
??
??
??
??
5 
kb
p
Fi
gu
re
 5
4.
 II
E
型
PL
A
2
遺
伝
子
相
同
配
列
断
片
が
散
在
す
る
ホ
ン
ハ
ブ
PL
A
2
遺
伝
子
ク
ラ
ス
タ
ー
A B
*
*
*
Ex
on
 1
Ex
on
 2
??
??
??
Ex
on
 4
??
??
??
δ
??
??
??
??
??
??
??
A
lp
ha
B
et
a
C
ha
i
*
*
50
0 
bp
2,1
47
2,6
95
???
??
???
??
???
??
4,0
17
???
??
4,7
69
1
???
??
(A
) ホ
ン
ハ
ブ
の
II
E
型
PL
A
2
遺
伝
子
中
に
存
在
す
る
ホ
ン
ハ
ブ
PL
A
2
遺
伝
子
ク
ラ
ス
タ
ー
相
同
配
列
断
片
。 (
B
) ホ
ン
ハ
ブ
PL
A
2
遺
伝
子
ク
ラ
ス
タ
ー
領
域
内
に
散
在
的
に
存
在
す
る
II
E
型
PL
A
2
遺
伝
子
相
同
断
片
。
　
　
：
コ
ー
デ
ィ
ン
グ
領
域
，　
　
：
U
TR
，　
　
：
ス
テ
ム
ル
ー
プ
構
造
，　
　
：
Pc
R
TF
及
び
ト
ラ
ン
ス
ポ
ゾ
ン
配
列
，　
　
：
A
lp
ha
, B
et
a,
 C
ha
i 配
列
，　
　
：
C
TC
F
モ
チ
ー
フ
*
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Fi
gu
re
 5
5.
 II
E
型
PL
A
2
遺
伝
子
と
そ
の
相
同
配
列
断
片
(C
ha
i)
内
に
存
在
す
る
ス
テ
ム
ル
ー
プ
構
造
C G
A T T TG
GCAGGCGCCCA
ACAGCCCCAGA
GACGGAC
A
CAGTGATGTC
CTTGGCCG
CAC
AATTGTGG
TT
CT
G
T
T C
T T
T G C T T C C A G
G T G T T G C C A A G
T T
C A T G A C T G
C T
G C T A
T C A G G C C C T G T
C G G C G C C
A C
T G C
5’
3’
GGGTCCTGG
GCGC
TCTCTGGGCTTGGTGGT
TTCCTT
GCAGACGTTTCATGACCCAGCCAGGTA
ACGTCA
TC
A G
C A A T T C
T A C C T C G T T T G G T G A T G A A A C A T C T G C
C A C A A C
A C A A C C C A G C T C A G A G A
A C A T
C C A G G A G C C
5’
3’
 
 
 
  
  
  
  
10
  
  
  
  
20
  
  
  
  
30
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TT
CT
GT
TC
TT
TG
CT
TC
CA
GG
TG
TT
GC
CA
AG
TT
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TG
AC
TG
CT
GC
TA
TC
AG
GC
CC
TG
TC
GC
GG
CG
CC
AC
TG
C
2.
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..
..
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..
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.G
..
..
..
..
..
..
..
..
..
..
..
..
..
..
.T
..
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..
..
T.
..
.
3.
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..
..
G.
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..
..
..
..
..
..
..
.G
..
..
..
..
..
..
..
..
..
..
..
..
..
..
.T
..
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..
..
..
.
4.
 
..
..
..
..
G.
..
..
..
..
..
..
..
..
.G
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5.
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G.
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..
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.T
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..
.
6.
 
C.
..
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..
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1.
 P
fI
IE
PL
A 2
  
GG
GT
CC
TG
GG
CG
CT
CT
CT
GG
GC
TT
GG
TG
GT
TT
CC
TT
GC
AG
AC
GT
TT
CA
TG
AC
CC
AG
CC
AG
GT
AA
CG
TC
AT
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
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??
  
  
  
  
  
  
  
80
  
  
  
  
90
  
  
  
 1
00
  
  
  
 1
10
  
  
  
 1
20
  
  
  
 1
30
  
  
  
 1
40
 
1.
 
CA
GC
AA
TT
CT
AC
CT
CG
TT
TG
GT
GA
TG
AA
AC
AT
CT
GC
CA
CA
AC
AC
AA
CC
CA
GC
TC
AG
AG
AA
CA
TC
CA
GG
--
--
AG
CC
2.
 
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
..
--
--
..
..
3.
 
..
..
..
.G
..
..
..
..
..
..
..
..
..
..
..
..
..
..
AC
..
GT
GG
.G
T-
-G
..
--
..
GC
.G
TC
CT
..
.T
TT
AC
.A
.T
A
B C
(A
) ホ
ン
ハ
ブ
の
IIE
型
PL
A
2
遺
伝
子
中
で
見
出
さ
れ
た
2
つ
の
ス
テ
ム
ル
ー
プ
構
造
。
( 左
) 第
1
イ
ン
ト
ロ
ン
の
ス
テ
ム
ル
ー
プ
構
造
，
( 右
) 第
2
イ
ン
ト
ロ
ン
の
ス
テ
ム
ル
ー
プ
構
造
。
(B
) ホ
ン
ハ
ブ
の
IIE
型
PL
A
2
遺
伝
子
の
第
1
イ
ン
ト
ロ
ン
と
Ch
ai
配
列
中
に
存
在
す
る
ス
テ
ム
ル
ー
プ
構
造
を
形
成
す
る
核
酸
配
列
ア
ラ
イ
ン
メ
ン
ト
。
(C
) ホ
ン
ハ
ブ
の
IIE
型
PL
A
2
遺
伝
子
の
第
2
イ
ン
ト
ロ
ン
と
Ch
ai
配
列
中
に
存
在
す
る
ス
テ
ム
ル
ー
プ
構
造
を
形
成
す
る
核
酸
配
列
ア
ラ
イ
ン
メ
ン
ト
。
 209 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.
 P
f 
  
  
tc
ct
ct
ct
gc
ag
cc
cc
cc
tc
cc
tt
ct
ac
ca
ct
ga
tg
ta
at
tc
tg
gg
aa
ct
ga
ag
cc
ca
ca
2.
 O
o 
  
  
tc
ct
ct
ct
gc
ag
cc
cc
cc
tc
cc
tt
ct
ac
ca
ct
ga
tg
ta
at
tc
tg
gg
aa
ct
ga
ag
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ca
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1.
 
  
  
ag
tc
tT
AA
AC
TG
GC
CA
GG
TT
TG
GA
GA
AA
CC
TG
CT
TT
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TA
AT
GA
AA
CT
TA
--
--
-T
2.
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tc
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TT
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TT
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GT
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TG
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GT
GA
AT
GC
AT
2.
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TC
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TT
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TG
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1.
 
  
  
GA
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GA
AT
TA
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GT
CT
TT
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TG
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TT
TG
GT
CA
2.
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CT
AA
AT
GA
GT
CA
TG
CC
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AT
TT
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TT
TC
CC
AC
CG
TC
AT
TA
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GC
CT
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CT
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2.
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AC
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TT
GG
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 *
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 *
**
**
**
* 
**
**
**
**
**
**
**
**
Fi
gu
re
 5
6.
 ホ
ン
ハ
ブ
の
2
つ
の
IID
型
PL
A
2
遺
伝
子
に
よ
り
形
成
さ
れ
る
ス
テ
ム
ル
ー
プ
構
造
TAAAGTGGCCAGGTTTGGGGACCCCTGGTTTAAAGCCCACAAAGTCCTGGTTCGCACTAGACAAACCCACAAATCTAGTTTGGGATGCTTTTCGGTTCCTGGCATTTCAACCATCGTTGTTTTCCAGAGTTGACCGTGATCCACGGAGGCTTGGTGCAACTCTACCCCATGGTCATTCA        ~~~~~~~~~
||||||||||||||||||||||||||||||||||| |||| ||||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||        
ATTTCACCGGTCCAAACCCCTGGGGACCAAATTTCCGGTGCTTCAGGACCAAGCGTGATCTGTTTGGGTGTTTAGATCAAACCCTACGAAGAGCCAAGGACCGTAAAGTTGGTAGCAACAAAAGGTCTCAACTGGCACTAGGTGCCTCCGAACCACGTCGAGATGGGGTACCAGTAAGT        ~~~~~~~~~
tcc
tct
ctg
cag
ccc
ccc
tcc
ctt
cta
cca
ctg
atg
taa
ttc
tgg
gaa
ctg
aag
ccc
aca
agt
ct
AGT
TCC
CAG
AAT
TAC
ATG
CTG
GCT
GGC
AGA
GGC
ATT
CTG
GGA
GTT
GAA
ACC
CAC
AAG
TCT
TAA
ACT
GGC
C
5’
3’
～ ～ IID PLA2   intron 1 ~
IID PLA2????????????????
II
D
 P
L
A
2  
??
?  
CD
S1
Ch
ai
 se
gm
en
t
A
B
  P
fP
LA
 7
(A
) ホ
ン
ハ
ブ
の
P
fI
ID
P
L
A
2, 
P
fI
ID
P
L
A
2??
??
 遺
伝
子
の
相
補
的
塩
基
対
結
合
に
よ
り
形
成
さ
れ
る
ス
テ
ム
ル
ー
プ
構
造
。
緑
文
字
は
IID
型
PL
A
2
遺
伝
子
，
枠
内
は
コ
ー
デ
ィ
ン
グ
領
域
を
示
す
。
(B
) ス
テ
ム
ル
ー
プ
構
造
を
仮
想
的
に
取
り
除
い
た
ホ
ン
ハ
ブ
の
核
酸
配
列
と
ヒ
メ
ハ
ブ
の
核
酸
配
列
の
ア
ラ
イ
ン
メ
ン
ト
。
橙
色
の
ハ
サ
ミ
マ
ー
ク
の
箇
所
に
本
来
は
ス
テ
ム
ル
ー
プ
構
造
が
あ
る
。
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F
ig
ur
e 
57
. ヒ
メ
ハ
ブ
で
生
じ
た
2
つ
の
II
D
型
P
L
A
2
遺
伝
子
に
よ
り
形
成
さ
れ
る
ス
テ
ム
ル
ー
プ
構
造
の
欠
失
I
I
F
 P
L
A
2
O
o
P
L
A
2
-
o
3
O
o
P
L
A
2
-
o
2
O
o
P
L
A
2
-
o
1
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
D
 P
L
A
2
C
D
S
1
~
in
tr
o
n
 1
I
I
D
 P
L
A
2
 ??
?
C
D
S
1
~
in
tr
o
n
 1
O
o
P
L
A
2
-
o
2
I
I
D
 P
L
A
2
O
o
P
L
A
2
-
o
1
I
I
D
 P
L
A
2
 ??
?
I
I
F
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
O
o
P
L
A
2
-
o
3
“D
el
et
io
n”
II
D
 P
L
A 2
II
D
 P
L
A 2
 ??
?
Neutral [A
sp 49]PLA
2
N
eu
tra
l [Asp49]PLA2
(P
re
vi
ou
s 
fo
rm
)
(P
re
se
n
t 
fo
rm
)
　
　
：
遺
伝
子
領
域
，　
　
：
コ
ー
デ
ィ
ン
グ
領
域
，　
　
：
5’
U
T
R
，　
　
：
3’
U
T
R
，　
　
：
P
cR
T
F
。
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H
. 
sa
p
ie
n
s 
C
hr
. 1
M
. 
m
u
sc
lu
s
C
hr
. 4
G
. 
g
a
ll
u
s
C
hr
. 2
1
O
. 
h
a
n
n
a
h
C
hr
. u
nk
no
w
n
P
. 
fl
a
vo
vi
ri
d
is
C
hr
. m
ic
ro
O
. 
o
ki
n
a
ve
n
si
s
C
hr
. u
nk
no
w
n
I
I
F
 P
L
A
2
I
I
D
 P
L
A
2
V
 P
L
A
2
I
I
A
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
C
 P
L
A
2
I
I
F
 P
L
A
2
I
I
D
 P
L
A
2
V
 P
L
A
2
I
I
A
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
C
 P
L
A
2
I
I
A
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
F
 P
L
A
2
I
I
D
 P
L
A
2
I
I
A
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
F
 P
L
A
2
I
I
D
 P
L
A
2
 ??
?
P
f
P
L
A
 8
I
I
E
 P
L
A
2
O
T
U
D
3
I
I
D
 P
L
A
2
P
f
P
L
A
 7
P
f
P
L
A
 6
P
f
P
L
A
 1
P
f
P
L
A
 2
P
f
P
L
A
 3
P
f
P
L
A
 4
P
f
P
L
A
 5
P
f
P
L
A
-
B
’
I
I
F
 P
L
A
2
I
I
E
 P
L
A
2
O
T
U
D
3
O
o
P
L
A
2
-
o
2
10
 k
bp
10
 k
bp
1 
kb
p
1 
kb
p
10
 k
bp
1 
kb
p
U
B
X
N
1
0
U
B
X
N
1
0
U
B
X
N
1
0
M
U
L
1
M
U
L
1
M
U
L
1
V
 P
L
A
2
oo
22
O
o
P
L
A
2
-
o
1
O
o
P
L
A
2
-
o
3
F
ig
ur
e 
58
. 分
泌
型
P
L
A
2
遺
伝
子
ク
ラ
ス
タ
ー
領
域
の
ゲ
ノ
ム
構
造
比
較
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F
ig
ur
e 
59
. 分
泌
型
P
L
A
2
成
熟
タ
ン
パ
ク
質
に
基
づ
く
系
統
解
析
10
0
0.2
H
sI
B
P
L
A
2
M
m
IB
P
L
A
2
G
g
IB
P
L
A
2
P
fI
B
PL
A
2
675
2
H
sI
IE
P
L
A
2
M
m
II
EP
LA
2
G
g
II
E
P
L
A
2
PfI
IEP
LA2O
oI
IE
PL
A2
O
hI
IE
PL
A
2
80
62
99
10
0
97
10
0
HsIIC
PLA2
Mm
IIC
PL
A2
Gg
IIA
PL
A2
54
10
0
HsIIFPLA2 MmIIFPLA210
0
Pf
IIF
PL
A2
Oo
IIF
PLA
2 OhIIFPL
A21
00
47
4422
21
8
35
Pf
PL
A 
3
Pf
PL
A 
5 (
PL
A-
B)
P
fP
L
A
-B
’
Pf
PL
A
 4
 (P
LA
-N
)
O
o
P
L
A
2-
o1
P
fP
L
A
 7
 (
P
L
A
2)
P
fP
L
A
 8
P
fP
L
A
 2
 (
B
P
II
)
O
o
P
L
A
2-
o3
O
oP
LA
2-o
2
O
hI
IA
PL
A
2
PfP
LA
 1
PfP
LA
 6
Hs
IIA
PL
A2
Mm
IIAP
LA2
HsIID
PLA
2 Mm
IID
PLA
2
HsVPLA2
MmVPLA
2
GgVPL
A2
Pf
IID
PL
A2
P
fI
ID
PL
A
2??
??
Oh
IID
PL
A2
24
14
56
90
86
99
83
46
95
75
63
70
98
27
29
10
0
10
0
2810
0
97
G
ro
u
p
 I
ID
G
ro
u
p
 I
IE
G
ro
u
p
 I
IC
G
ro
u
p
 I
IF
G
ro
u
p
 I
IA
G
ro
u
p
 V
G
ro
u
p
 I
B
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F
ig
ur
e 
60
. 分
泌
型
P
L
A
2
成
熟
タ
ン
パ
ク
質
に
基
づ
く
系
統
解
析
10
0
0.2
H
sI
B
P
L
A
2
M
m
IB
P
L
A
2
G
g
IB
P
L
A
2
P
fI
B
PL
A
2
675
2
H
sI
IE
P
L
A
2
M
m
II
EP
LA
2
G
g
II
E
P
L
A
2
PfI
IEP
LA2O
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Figure 62. 更新世陸橋仮説で示された
ハブ属とヤマハブ属ヘビの日本南西諸島への渡来
黒領域は現在の陸地，緑領域は 170~150 万年前に存在したと木村によって推定された陸地及び陸橋，赤矢印はハブ属と
ヤマハブ属ヘビの日本南西諸島への渡来ルートを示す。
出典：Kimura., 1996. Journal of Geography (Chigaku Zasshi) 105, 3, 259-285 ( 一部修正 ).
            Kimura., 2000. International Symposium The Ryukyu Islands 10, 1, 5-24 ( 一部修正 ). 
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Old Yellow River
Old Yangtze River
Figure 66. 付加体の移動と日本南西諸島の形成
黒領域は現在の陸地，緑領域は過去に存在したと服部によって推定された陸地，赤領域は大陸沿岸部に当時存在した日
本南西諸島の付加体，黄矢印は付加体の移動を示す。
出典：Hattori., 2014. Horizon 40, 12 ( 一部修正 ).
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Figure 68. [Lys49]PLA2 アイソザイムをコードする遺伝子の第 3
エクソンに対する一塩基多型 (SNP) ジェノタイピング
Exon 1 Exon 2 Exon 3 Exon 4
Position 1,353 (58th) 1,674 (78th)
BP-I gene G (Asp) A (Lys)
BP-II gene A (Asn) A (Lys)
BP-III gene A (Asn) T (Asn)
CNVBP-F2 CNVBP-R1
FAM BP exon3 G probe
HEX BP exon3 A probe
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(A) SNP ジェノタイピングの TaqMan プローブとプライマー。☆は SNP，矢頭は PCR プライマー , 六角形は TaqMan
プローブをそれぞれ示す。
(B) トカラハブとホンハブに対する SNP ジェノタイピング。?はホンハブ ( 奄美大島 ????はトカラハブ，?はホンハブ
 ( 沖縄本島 ????は BP-II 及び BP-III ポジティブコントロール ???は BP-I ポジティブコントロールをそれぞれ示す。値は同
じ測定を 3 回繰り返すことで求めた。
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Figure 71. PtBP-I 遺伝子とそこで見出した LINE-1
LINE-1 ORF2 (RT)
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C
2805  GGAAAACGATTGGGGATGAATTGAGAAAAGAGAAAGTGCTTCAGTCTTGGTTCTTATATTTCCAATTGGCTGAAAGATGGTGTCTAGACC  2716
                     X  E  L  R  K  E  K  V  L  Q  S  W  F  L  Y  F  Q  L  A  E  R  W  C  L  D
2715  AAAAGCTGGGTCTTATGTTGGAAGATGGGAATTTGATAAAGCAGATTAAAGATCAAAGTAGAGCCCATATTAGAAGAATTTATAGTGTAT  2626
      Q  K  L  G  L  M  L  E  D  G  N  L  I  K  Q  I  K  D  Q  S  R  A  H  I  R  R  I  Y  S  V
2625  TACTAGAGTTGGATTCGGAAACAGAATTAGTCAAAGATTGTATGATTAAGTGGGCTCAAAATATTCAAGAACCAATTATGCTTGAGACTT  2536
      L  L  E  L  D  S  E  T  E  L  V  K  D  C  M  I  K  W  A  Q  N  I  Q  E  P  I  M  L  E  T
2535  GGGAGACAATTTGGGTTAGAAATGTTAAGTTTACCCAAGCCCAGAACTTAAGGGAAAATTTTTATAAAATGTTTTATAGATGGCATTTGG  2446
      W  E  T  I  W  V  R  N  V  K  F  T  Q  A  Q  N  L  R  E  N  F  Y  K  M  F  Y  R  W  H  L
2445  ATCCTCAAAAATTGTCTTGCATGTATCCGAATTTGCAGCCAAAATGTTGGAGATGTGATAATATGGATGCGACATATTATCATATTTGGT  2356
      D  P  Q  K  L  S  C  M  Y  P  N  L  Q  P  K  C  W  R  C  D  N  M  D  A  T  Y  Y  H  I  W
2355  GGACCTGCAGGGATGTCAAAGCCTTCTGGATCAAGATATGGTGGAATATCCAACAGATTTTCAAGAAAAAGATAAAATTTACACCGCAAT  2266
     W  T  C  R  D  V  K  A  F  W  I  K  I  W  W  N  I  Q  Q  I  F  K  K  K  I  K  F  T  P  Q
2265  TATTCTTATTGGGTATTATGGAGAACTTGGACCGAAAAGAAATGAATCTTATGTTGTATTGCATCACAGCAGCAAGAACATTGATTGCTC  2176
      L  F  L  L  G  I  M  E  N  L  D  R  K  E  M  N  L  M  L  Y  C  I  T  A  A  R  T  L  I  A
2175  AGAATTGGAAAAAAAAGACATTACCAACTATGGATGATTGGAGACAGAAAGTCTCATATTTTGCAGAGATGGCTAAAATATCCGCATACC  2086
      Q  N  W  K  K  K  T  L  P  T  M  D  D  W  R  Q  K  V  S  Y  F  A  E  M  A  K  I  S  A  Y
2085  TGAAGGATCATTCTCAAGAGAAATTTATCCTGATATGGAGAAGATGGATAGACTATATTCAGAGAAAACATGACTTGAAAAATTATTATC  1996
      L  K  D  H  S  Q  E  K  F  I  L  I  W  R  R  W  I  D  Y  I  Q  R  K  H  D  L  K  N  Y  Y
1995  TTGCTTTTGATTAATTATTAAATTTTTATAAGTTTATTATTGTATTTTAGAGTTATAGTAAGTTTATACTTGTTTATCGTATGAATGGAT  1906
      L  A  F  D  *
1905  AGCTTTGGATAGATTAAAATTATTTTGTAATTATTCCTGGGTTCAGCTCTGGGAAGTCCGGGGGGGGGAGGGGGGAAAAGGATTAAAATA  1816
1815  TATAAAAATTGATGTGATTATTAATTATTATTAGAAGTATATTTATGAGGATAATCCAGGCTGTTATCCCAAACTGCTTCCGGCTGGTGC  1726
1725  TAGAGAAAGAGGTTGAGAAGTAGGGGGGAAGGAGGAAGGTGGAGTGGTTGGAGAATAGAGGGAGGAAGGGTTGGTAGGTGAAAGAGGGGG  1636
1635  AAGCGGGGAGGGGGCAGCCTGGAACATCCGTAAAGTATTTGTGTATTAATGTTTTGTATCTATATGCATCATGTTCATATTTATATTTTG  1546
1545  TAATATTTGAAAATAATAAAAATTTTAATAAAAAAAAAAAAAAAGGAAAACGATTGGGG                                 1487
B
(A) PtBP-I 遺伝子の第 2 イントロンに挿入している LINE-1。　：CDS，　：UTR，　：PcRTF，　：TSD，　黒太線は LINE
を示す。(B) PtBP-I 遺伝子の第 2 イントロンに挿入している LINE-1 がコードする Reverse transcriptase ドメイン。(C) Non
-LTR 型 LINE の Reverse transcriptase ドメインアミノ酸配列に基づく系統解析。Ac, Anolis carolinensis; As, Acanthochelys 
spixii; Cb, Clarias batrachus; Ch, Crotalus horridus; Dv, Didelphis virginiana; Gg, Gallus. gallus; Hs, Homo sapiens; Mm, Mus 
musculus; Ol, Oryzias latipes; Pf, P. flavoviridis; Pt, P. tokarensis; Ss, Sus scrofa; Tr, Takifugu rubripes; Va, Vipera ammodytes。
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Figure 73. IIA 型毒 PLA2 遺伝子クラスターで見つかる PcRTF
ORF1
Zinc finger motif
ORF2
Reverse transcriptase domain 1
Reverse transcriptase domain 2
Reverse transcriptase domain 3
PsCR1        1  AGTGAGCTGCGAACARAGGAGAGGCAAACAGAAGGAGTTTGCCTGGGATCTGTCCGAGAGGAGCCCAGGTGAGTGCTACGTGAGGGGAGCTGTGTTGTGTGCTAGAGGGGTGAGTATCTG  120
PsCR1      121  AGAGACCATTTGTTTGACTGGTGCAAGTTACAGCTGACTGTGTGTGTGATTGTGACTGGTGCAGTTACAGGGACTGTTTGRCAGTTGACCGTGTGTGTGATTGATTGAAAAGTGTGAATT  240
PsCR1      241  GGGAGTGCTTTGTTCCAGGTRGGCCTTGAGTGGTTGATTGCAGAGGGAGGCACTGAGCCGGGGCAACTGCTTCGAGTCAGCAGCCTTATAAGAAGCAGCCAGTTGCGAACCAAGTGAGCT  360
PsCR1      361  GCGAACAGAGGAGAGGCAAACAGAAGGAGTTTGCCTGGGAGTTCACCTTGGGGGAGAGCCCAYAGCGGGTTTTTGCCTTTCAGACTTAGCTGAGCAGTAAATACAGCATCTGAAGAGGCT  480
                                                                                                                         
PsCR1      481  CTCAGAGGAAAGATATGGAAAGTGAGCGATCTGCTGTTGTCACCTGCACTGGATGTGCTATGTTTGTCTTYCTCCCACAGGAYAGARCCGACTTCATCTGTACGAAGTGCAGGCTGGTTT  600
                               M  E  S  E  R  S  A  V  V  T  C  T  G  C  A  M  F  V  F  L  P  Q  D  R  X  D  F  I  C  T  K  C  R  L  V  
PsCR1      601  CCATATTGGAAGAGAAGGTTAAAGGACTRGAGACCCAARTATCAACCCTGCGTTGCATTAAAGAAAATGARGTCTTTCTCGATCGAAGWCATGATTTGTTACTACAGGCACAGTGTGAGG  720
                S  I  L  E  E  K  V  K  G  L  E  T  Q  X  S  T  L  R  C  I  K  E  N  E  V  F  L  D  R  X  H  D  L  L  L  Q  A  Q  C  E  
PsCR1      721  AAGATTCAGAGAAGGCARTGCAGGGGARACTGARGAATGGAGAAGRRAATTGGCAGCATGTGACCTCCCGAAGWAAGAGAACCCATAKGCCCACCGTGCAGATAGAGGTAAGGAATCGTT  840
                E  D  S  E  K  A  X  Q  G  X  L  X  N  G  E  X  N  W  Q  H  V  T  S  R  X  K  R  T  H  X  P  T  V  Q  I  E  V  R  N  R  
PsCR1      841  TTCAGGCTCTCTGCACAGGTAMTACKGCGGAGAATGATTTGCAAGACTCATCTGAGGGAATGGATCAGAARGAGRCCCTGTTGATCAGAAGGCAWGGGATGCATTGTCCTAGGGATGGGG  960
                F  Q  A  L  C  T  G  X  T  A  E  N  D  L  Q  D  S  S  E  G  M  D  Q  K  E  X  L  L  I  R  R  X  G  M  H  C  P  R  D  G  
PsCR1      961  GTTCCACGACCACCACTCCCAAGAGGAAGAGAAGGGTGRTGGTGGTCGGGGACTCCCTCCTAAGGGGGACGGARTCATCCATCTGCCGTCCGGACCGGGAAACTARAGAAGTGTGCTGCT  1080
                G  S  T  T  T  T  P  K  R  K  R  R  V  X  V  V  G  D  S  L  L  R  G  T  E  S  S  I  C  R  P  D  R  E  T  X  E  V  C  C  
PsCR1     1081  TGCCTGGAGCTAGRATTCAGGATGTGACGGAGAGWCTGCCGAGACTYATCAAGCCCTCAGACTGCTAMCCCTTCCTACTTCTCCACGTGGGCACCAATGACACTGCCAAGAATGACCTTG  1200
                L  P  G  A  R  I  Q  D  V  T  E  X  L  P  R  L  I  K  P  S  D  C  X  P  F  L  L  L  H  V  G  T  N  D  T  A  K  N  D  L  
PsCR1     1201  AGCGGAYCACTGCAGACTATGTGGCTCTGGGAAGAAGGATAAAGGAGTTTGAGGCGCAAGTGGTGTTCTCGTCCATCCTCCCTGTTGAAGGAAAAGGCCCAGGTAGGGACCGTCGMATTG  1320
                E  R  X  T  A  D  Y  V  A  L  G  R  R  I  K  E  F  E  A  Q  V  V  F  S  S  I  L  P  V  E  G  K  G  P  G  R  D  R  R  I  
PsCR1     1321  TGGAAGTAAATGCGTGGTTACGCAGGTGGTGTCGGAGAGAGGGCTTTGGATTCTTCGAYCATGGGATGTTGTTCCAGGAAGAAGGATTRCTAGGAAGAGACGGGATTCACCTAACGAAGA  1440
                V  E  V  N  A  W  L  R  R  W  C  R  R  E  G  F  G  F  F  D  H  G  M  L  F  Q  E  E  G  L  L  G  R  D  G  I  H  L  T  K  
PsCR1     1441  GAGGGAAGAGTATCTTCGCAGACAGGCTGGCTAACCTAGTGAGGAGGGCTTTAAACTAGGTTCGATGGGGGATGGAGACCTAAGCCCGRAGGTAAGTGGGGAAGTGGGACACCASRAGGA  1560
                R  G  K  S  I  F  A  D  R  L  A  N  L  V  R  R  A  L  N          M  G  D  G  D  L  S  P  X  V  S  G  E  V  G  H  X  X  E
PsCR1     1561  AGCAGAAGGAGGAGGGTGCAACAGGGGAGGCCTCCTGATTCGTACTGAGAAAGTAGGGCAATCGGCTAGTTATCTYARGTGCCTGTACACAAACGCAAGAAGCCTGGGAAACAAGCAGGA  1680
                  A  E  G  G  G  C  N  R  G  G  L  L  I  R  T  E  K  V  G  Q  S  A  S  Y  L  X  C  L  Y  T  N  A  R  S  L  G  N  K  Q  E
PsCR1     1681  GGAATTGGAAGTCCTGGCACAGTCACGGAACTATGACATGATTGRAAWAACTGAGACTTGGTGGAATAACTCACACGACTGGAACACTGTCATGGATGGGTATAAGCTRTTCAGGAAGGA  1800
                  E  L  E  V  L  A  Q  S  R  N  Y  D  M  I  X  X  T  E  T  W  W  N  N  S  H  D  W  N  T  V  M  D  G  Y  K  L  F  R  K  D
PsCR1     1801  CAGGCAGGGGCGAAAGGGTGGAGGAGTTGCACTGTATGTAAGAGAGCACTATGATTKCTCTGAGCTCCAGTGTGAAACTGGAGATACGCCAGTTGAGAGTCTCTGGGTTAAGCTTAGAAG  1920
                  R  Q  G  R  K  G  G  G  V  A  L  Y  V  R  E  H  Y  D  X  S  E  L  Q  C  E  T  G  D  T  P  V  E  S  L  W  V  K  L  R  S
PsCR1     1921  CAAGAACAATAAGGGTGATGTTGTGGTGGGTGTCTGTTATAGACYACCAGACCAGGAGGATGAGGTAGATGAGGCTTTCTTCAGTCAACTAGGGAAAGTTTCCAGTTCACAGGACCTGAT  2040
                  K  N  N  K  G  D  V  V  V  G  V  C  Y  R  X  P  D  Q  E  D  E  V  D  E  A  F  F  S  Q  L  G  K  V  S  S  S  Q  D  L  I 
PsCR1     2041  TCTCATGGGGGACTTCAATCACCCTGACATCTGCTGGAAGAGCAATACAGCAGAGCACAAACAATCCAGGAAGTTTTTGRAGWGTGTTGCGGACAACTTCCTGGTGCAAGTGCTGGAGCA  2160
                  L  M  G  D  F  N  H  P  D  I  C  W  K  S  N  T  A  E  H  K  Q  S  R  K  F  L  X  X  V  A  D  N  F  L  V  Q  V  L  E  Q
PsCR1     2161  ACCAACTAGGGGCCGTGCTSCTCTTGACCTGCTGCTCACAAACAGGGAAGATTTGGTAGGGGAAGTAGAAGTGGGTGRCAACCTAGGCAGCAGTGACCATGAGATGGTCGAGTTCAGGAT  2280
                  P  T  R  G  R  A  X  L  D  L  L  L  T  N  R  E  D  L  V  G  E  V  E  V  G  X  N  L  G  S  S  D  H  E  M  V  E  F  R  I 
PsCR1    2281  CCTGACAAAAGGAAGAAAGGAGAACAGCAGGATACGGACCATGGACTTCAGAAAAGCAGACTTTGACTCCCTCAGGGAGCTGATGGGCAGGATCCCCTGGGAGGCTAATATGAGRGGGAA  2400
                  L  T  K  G  R  K  E  N  S  R  I  R  T  M  D  F  R  K  A  D  F  D  S  L  R  E  L  M  G  R  I  P  W  E  A  N  M  R  G  K
PsCR1    2401  AGGAATCCAAGGGRGCTGGCTGTATTTTAAAGAAACCTTATTGAGGGCGCAGGAACAAACCATCCCGATGTGCAGAAAGAATAGCAAATATGGYAGGCGACCAGCTTGGCTTAACARAGA  2520
                  G  I  Q  G  X  W  L  Y  F  K  E  T  L  L  R  A  Q  E  Q  T  I  P  M  C  R  K  N  S  K  Y  G  R  R  P  A  W  L  N  X  E
PsCR1    2521  ARTCTTCGGTGAGCTTAAACACAAAAAAGAAGCTTACAAGAAGTGGAAGCTTGGWCAGATGACTAGGGAGGAKTATAAAAATACTGCTCGAACATGCAGGARTGAAATCAGGAAGGCCAA  2640
                  X  F  G  E  L  K  H  K  K  E  A  Y  K  K  W  K  L  G  Q  M  T  R  E  X  Y  K  N  T  A  R  T  C  R  X  E  I  R  K  A  K
PsCR1    2641  AGCACAATTGGAGTTGCAGCTAGCAAGGGATGTGAAGGGKAACAAGAAGGGTTTCTACAGGTATGTTAGCAACAAGARGAAGRTYAGGGAAAGTGTGGGCCCCTTACAGAATGGGGGAGG  2760
                  A  Q  L  E  L  Q  L  A  R  D  V  K  G  N  K  K  G  F  Y  R  Y  V  S  N  K  X  K  X  R  E  S  V  G  P  L  Q  N  G  G  G 
PsCR1     2761  CAACCTAGTGACAGAKGATGTGGARAAAGCTGARGTACTCAATGCCTTTTTTGCCTCTGTCTTCACAGACAAGGTCAGCTCCCAGACTACTGCACTGGGCGGCACAGWATGGGGAGGAGG  2880
                  N  L  V  T  X  D  V  E  K  A  E  V  L  N  A  F  F  A  S  V  F  T  D  K  V  S  S  Q  T  T  A  L  G  G  T  X  W  G  G  G
PsCR1     2881  TGAACAKCCCTCAGTGCTGAAGGAACAGGTTCARGACTATTTAGAAAGGYTGGACATRCACAAGTCCATGGGGCMRGATGCAATSCAYCCGAGGGTGCTGAGGGAGTTRGCTGATGTGAT  3000
                  E  X  P  S  V  L  K  E  Q  V  Q  D  Y  L  E  R  L  D  X  H  K  S  M  G  X  D  A  X  H  P  R  V  L  R  E  L  A  D  V  I
PsCR1     3001  TKCAGAGCCATTGGCYATTATCTTTGAAARCTCGTGGCGATTGGGRGAGGTCCCTGATGAYTGGAAAAAGGCAAATATAGTGCCCATCTTYAARAAAGGGAAGAARGAGGATCCAGGGAA  3120
                  X  E  P  L  A  I  I  F  E  X  S  W  R  L  G  E  V  P  D  D  W  K  K  A  N  I  V  P  I  F  K  K  G  K  K  E  D  P  G  N
PsCR1     3121  CTACAGACCGGTCAGCCTCACCTCARTCCCTGGAAAAATCATGGARCAGGTCCTCAAGGAATCCATTTTAAGGCACTTRGAAGAGAGGAAGGTGATCAGGARCAGTCARCATGGATTCAC  3240
                  Y  R  P  V  S  L  T  S  X  P  G  K  I  M  E  Q  V  L  K  E  S  I  L  R  H  L  E  E  R  K  V  I  R  X  S  Q  H  G  F  T
PsCR1     3241  CAAGGGCAAGTCATGCCTGACCAACCTGATTGCTTTCTATGAAGAGGTGACTGGCTCTGTGGATGTGGGGAAAGCGGTGGACGTGATATACCTTGACTTTAGCAAAGCTTTTGATACAGT  3360
                  K  G  K  S  C  L  T  N  L  I  A  F  Y  E  E  V  T  G  S  V  D  V  G  K  A  V  D  V  I  Y  L  D  F  S  K  A  F  D  T  V
PsCR1     3361  CTCYCACAGTATTCTTATCAGCAAGTTAAARAAGTATGGGTTGGATGAATGGACTATAAAATGGATAGAGAAYTGGCTAGAKCATAGGGCTCAACGAGTAGTGATCAATGGCTCCATGTC  3480
                  S  H  S  I  L  I  S  K  L  K  K  Y  G  L  D  E  W  T  I  K  W  I  E  N  W  L  X  H  R  A  Q  R  V  V  I  N  G  S  M  S
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3   28807 ----------------------------------------------------------------------------------------------------------------TCCGCATC  28814
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5   41474 ----------------------------------------------------------------------------------------------------------------TCCGCATC  41481
PcRTF B’   3231 ----------------------------------------------------------------------------------------------------------------TCCGCATC  3238
A              ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
Endonuclease domain I
Endonuclease domain II
Endonuclease domain III
Endonuclease domain V
Endonuclease domain VI
Endonuclease domain VIII Endonuclease domain IX
Reverse transcriptase domain 0
Reverse transcriptase domain 2a
PcRTF B’ は PfPLA-B’ の 3’ 下流の PcRTF，A, B, C は PfIIDPLA2 の 5’ 上流の PcRTF 様断片を示す。
PsCR1, Acanthochelys spixii retrotransposon CR1-like LINE, copmlete sequence [AB005891]。
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Figure 73. IIA 型毒 PLA2 遺伝子クラスターで見つかる PcRTF
PsCR1     3481  TAGCTGGCAGCCGGTCACAAGTGGAGTGCCCCAGGGGTCGGTCCTGGGGCCGGTTTTGTTCAACATCTTCATTAATGATCTGGAGGATGGGGT-AGATTGCACCCTCAGCAAGTTTGCAG  3599
                  S  W  Q  P  V  T  S  G  V  P  Q  G  S  V  L  G  P  V  L  F  N  I  F  I  N  D  L  E  D  G   V  D  C  T  L  S  K  F  A  
PcRTF 2          ------------------------------------------------------------------------------------------------------------------------
PcRTF 3  28815  TACATGGAGGGAAGTGTGTAGTGGGGTGCCCCAGGGCTCCGTTCTGGGCCCAGTGCTCTTCAACATCTTCATCAACAATTTGGATGAGGGGAT-AGATGGGGAAATCATCAAATTTGCAG  28833
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5  41482  TACATGGAGGGAAGTGTGTAGTGGGGTGCCCTAGGGCTCCATTCTGGGCCCAGTGCTCTTCAACATCTTCATCAACAATTTGGACGAGGGGATAAGATGGGGAAATCATCAAATTTGCAG  41601
PcRTF B’  3239  TACATGGAGGGAAGTGTGTAGTGGGGTGCCCTAGGGCTCCATTCTGGGCCCAGTGCTCTTCAACATCTTCATCAACAATTTGGACGAGGGGAT-GGATGGGGAAATCATCAAATTTGCAG  3357
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     3600  ATGACACTAAGCTAGGGGGAGTGGTAGATACCCTGGAAGGKAGGGATAGGATACAGAAGGACCTAAACAAATTGGAGGATTGGGCCAAAAGAAATCTGATGAGGTTCAACAAGGACAAGT  3719
                D  D  T  K  L  G  G  V  V  D  T  L  E  G  R  D  R  I  Q  K  D  L  N  K  L  E  D  W  A  K  R  N  L  M  R  F  N  K  D  K  
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3  28934  ACAATACCAAGCTGGCAGGAATAGCCAACACTCCAGAAGACAGGCTTAGGATACAGGAGGACTTGGACAGACTTGAACACTGGGCGCTATCTAACAAAATGAAATTCAATGGTGAAAAAA  28053
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5  41602  ACGATACCAAGCTGGCAGGAATAGCCAACACTCCAGAAGACAGGCTTAGGATACAGGAGGATCTGGACAGACTTGAACACTGGGCGCTATCTAACAAAATGAAATTCAATGGTGAAAAAA  41721
PcRTF B’  3358  ACGATACCAAGCTGGCAGGAATAGCCAACACTCCAGAAGACAGGCTTAGGATACAGGAGGATCTGGACAGACTTGAACACTGGGCGCTATCTAACAAAATGAAATTCAATGGTGAAAAAA  3477
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     3720  GCAGAGTCCTGCACTTAGGATGGAAGAATCCCATGCACAGCTACAGACTGGGGACCGACGAGTTAGGCAGCAGTTCTGCAGAAAAGGATCTGGGGGTTACAGTGGATAAGAAGCTGGATA  3839
               C  R  V  L  H  L  G  W  K  N  P  M  H  S  Y  R  L  G  T  D  E  L  G  S  S  S  A  E  K  D  L  G  V  T  V  D  K  K  L  D  
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3  29054  GTAAGGTTCTACATTTAGGCAAGAAAAACCAAATGTACAGGTATAGTATAGGGGGTACCTTGCTCAACAGTAGTAACTGTGAGAGGGATCTCGGACTCCTGGTGGACAATCATTTAAATA  29173
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5  41722  GTAAGGTTCTAC-TTTAGGCAAGAAAAACCAAATATACAGGTATAGTATAGGGGGTACCTTGCTCAATAGTAGTAACTGTGAGAGGGATCTCGGACTCCTGGTGGACAATCATTTAAATA  41840
PcRTF B’  3478  GTAAGGTTCTAC-TTTAGGCAAGAAAAACCAAATATACAGGTATAGTATAGGGGGTACCTTGCTCAACAGTAGTAACTGTGAGAGGGATCTCGGACTCCTGGTGGACAATCATTTAAATA  3596
A              ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     3840  TGAGTCAACAGTGTGCCCTGGTTGCCAAGAAGGCTAATGGCATATTGGGCTGCATTAGTAAGAGCATTGCCAGCAGATCGAGGGAAGTGATTATTYCCCTSTATTCGGCATTGGTGAGGC  3959
                M  S  Q  Q  C  A  L  V  A  K  K  A  N  G  I  L  G  C  I  S  K  S  I  A  S  R  S  R  E  V  I  I  X  L  Y  S  A  L  V  R  
PcRTF 2  25545  --------------------------------------------------------------GGGAGAGAATCAAGATCACGTGAAGTGTTAATACCACTTTACAATTCCTTAGTAAGGC  25602
PcRTF 3  29174  TGAGCCAGCCGTGTGCTGCAGCTGCCAAAAAAGCCAACACAGTGCTAGGCTGCATGAACAGAGGGACAGAATCAAGATCACGTGAAGTATTAATACCACTTTACAAGGCCTTGGTAAGGC  29293
PcRTF 4  34772  --------------------------------------------------------------GGGAGAGAATCATGATCACGTGAAGTGTTAATACCACTTTACAATTCCTTAGTAAGGC  34829
PcRTF 5  41841  TGAGCCAGCAGTGTGCTGCAGCTGCCAAAAAAGCCAACACAGTGCTAGGCTGCATGAACAGAGGGACAGAATCAAGATCACGTGAAGTGTTAATACCACTTTACAAGGCCTTGGTAAGGC  41960
PcRTF B’  3597  TGAGCCAGCAGTGTGCTGCAGCTGCCAAAAAAGCCAACACAGTGCTAGGCTGCATGAACAGAGGGACAGAATCAAGATCACGTGAAGTGTTAATACCACTTTACAAGGCCTTGGTAAGGC  3716
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     3960  CGCATTTGGAGTATTGTGTCCAGTTTTGGGCCCCCCACTACAAAAAGGATGTGGAMA---------------------------------------------------------------  4016
                P  H  L  E  Y  C  V  Q  F  W  A  P  H  Y  K  K  D  V  X  
PcRTF 2  25603  CACACTTGGAATACTGCATCCAGTTTTGGTCACCACGATGCAAAAAAGATGTTGAGA---------------------------------------------------------------  29350
PcRTF 3  29294  CACACTTGGAATACTGCATCCAGTTTTGGTCACCACAATGTAAAAAAGATGTTGAGA---------------------------------------------------------------  28814
PcRTF 4  34830  CACACTTGGAATACTGCATCCAGTTTTGGTCACCACGATGCAAAAAAGATGTTGAGA---------------------------------------------------------------  34886
PcRTF 5  41961  CACATTTGGAATACTGCATCCAGTTTTGGTCACCACGATGTAAAAAAGATGTTGAGACTCTAGAACAGTGGTTCTCAACCTTTTTAATGCCGCGACTTCCAATCGGTCGTACGTCGAGGA  42080
PcRTF B’  3717  CACATTTGGAATACTGCATCCAGTTTTGGTCACCACGATGTAAAAAAGATGTTGAGACTCTAGAACAGTGGTTCTCAACCTTTTTAATGCCGCGACTTCCAATCGGTCGTACGTCGAGGA  3836
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1           ------------------------------------------------------------------------------------------------------------------------  
                  
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3         ------------------------------------------------------------------------------------------------------------------------  
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5  42081  CTAAACCGGTCGTAAGCCAAGGACTAAACCGGTCGTAAGTCGAGGACTAAACTGGTCGTAAGTCGAGGACTACCCAACCAGTCGTAAGTCGAGTACTTTCCCTGCCCGGTAGCGCCGCGC  42200
PcRTF B’  3597  CTAAACCGGTCGTAAGCCAAGGACTAAACCGGTCGTAAGTCGAGGACTAAACTGGTCGTAAGTCGAGGACTACCCAACCGGTCGTAAGTCGAGTACTTTCCCTGCCCGGTAGCGCCGCGC  3956
A               ------------------------------------------------------------------------------------------------------------------------
B              ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1          ------------------------------------------------------------------------------------------------------------------------      
                  
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3         ------------------------------------------------------------------------------------------------------------------------  
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5  42201  ATGCGTGGTTCCGCCCCCTGCACCGGCCGAGGCGTAGTTGGCAAGCGGCAGAGAGGGAGCAGGCCGACCACCAGCTGGCCCAGCCCAAGGGAGGTAAGGCACCCGCCGGAAAAGGGGAAA  42320
PcRTF B’  3957  ATGCGTGGTTCCGCCCCCTGCGCCGGCCGAGGCGTAGTTGGCAAGCGGCAGAGAGGGAGCAGGCCGACCACCAGCTGGCCCAGCCCAAGGGAGGTAAGGCACCCGCCGGAAAAGGGGAAA  4076
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     4017  ---------------------------------------------------------------------------------------AGTTGGAGAGAGTCCAG-CGGAGGGCAACAAAA  4048
                                                                                                       K  L  E  R  V  Q   R  R  A  T  K  
PcRTF 2  25660  ---------------------------------------------------------------------------------------CTCTAGAAAGAGAAAG--AGAAGAGCAACAGAG  25690
PcRTF 3  29351  ---------------------------------------------------------------------------------------CTCTAGAAAGAGAAAAAGAGAAGAGCAACAGAG  29383
PcRTF 4  34887  ---------------------------------------------------------------------------------------CTCTAGAAAGCGAAAAAGAGAAGAGCAACAGAG  34919
PcRTF 5  42321  AAATGGCGGATAGCCTTGCTTGGCGACCCCCGTGAAATGGTTGATCGACCTCAAATGGGGTCGCGACCCATAGGTTGAGAACCACTGCTCTAGAAAGAGTACAG-AGAAGAGCAACAAAG  42439
PcRTF B’  4077  AAATGGCGGATAGCCTTGCTTGGCGACCCCCGTGAAATGGTTGATCGACCTCAAATGGGGTCGCGACCCATAGGTTGAGAACCACTGCTCTAGAAAGAGTACAG-AGAAGAGCAACAAAG  4195
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C               ------------------------------------------------------------------------------------------------------------------------
PsCR1     4049  ATGATWAGGGGGCTGGARCACAAGACTTATGAGGAGAGGCTGAAGGAACTRGGCCTGTTTAGTCTGCAGAAGAGAAGAATGAGGGGGGATTTGATAGCAGCCTTTAACTACCTGAAAGGG  4168
                 M  I  R  G  L  E  H  K  T  Y  E  E  R  L  K  E  L  G  L  F  S  L  Q  K  R  R  M  R  G  D  L  I  A  A  F  N  Y  L  K  G  
PcRTF 2  25691  ATGATCAGGGGACTGGAGGCTAAAACATATAAGGAACGGTTGCTGGAATTGGGTATGTCTAGTTTAACGAAGAGAAGGACGAGGGGGGACATGATAGCCGTGTTCCAATATCTCAGGGGC  25810
PcRTF 3  29384  ATGATCAGGGGACTGGAGGCTAAAGCATATAAGGAACGTTTGCTGGAATTGGGTATGTCTAGTTTAATGAAGAGAAGGACGAGGGGGAACATGATAGTAGTGTTCCAGTATCTCAGGGGC  29503
PcRTF 4  34920  ATGATCAGGGGACTGGAGGCTAAAGCATATAAGGAACGGTTGCTGGAATTGGGTATGTCTAGTTTAAGGAAGAGAAGGACGAGGGGGGACATGATAGCCGTGTTCCAGTATCTCAGGGGC  35039
PcRTF 5  42400  ATGATTAGGGGACTGGAGGCTAAAGCATATAAGGAACGGTTGCTGGAATTGGGTATGTCTAGTTTAATGAAGAGAAGGACGAGGGGGGACGTGATAGCAGCCTTCCAATATCTCAGGGGC  42559
PcRTF B’  4196  ATGATTAGGGGACTGGAGGCTAAAGCATATAAGGAACGGTTGCTGGAATTGGGTATGTCTAGTTTAATGAAGAGAAGGACGAGGGGGGACGTGATAGCAGCCTTCCAATATCTCAGGGGC  4315
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C              ------------------------------------------------------------------------------------------------------------------------
Reverse transcriptase domain 4
Reverse transcriptase domain 5 Reverse transcriptase domain 6
Reverse transcriptase domain 7
Reverse transcriptase domain 8
Reverse transcriptase domain 9
PcRTF B’ は PfPLA-B’ の 3’ 下流の PcRTF，A, B, C は PfIIDPLA2 の 5’ 上流の PcRTF 様断片を示す。
PsCR1, Acanthochelys spixii retrotransposon CR1-like LINE, copmlete sequence [AB005891]。
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Figure 73. IIA 型毒 PLA2 遺伝子クラスターで見つかる PcRTF
PsCR1     4169  GGTTCCAGGGAGGATGGAGCTAGGCTGTTYTCAGTGGTGGCAGATGACAGAACAAGGAGCAATGGTCT----------------------------------------------------  4236
                 G  S  R  E  D  G  A  R  L  F  S  V  V  A  D  D  R  T  R  S  N  G  L
PcRTF 2  25811  TGCCCCAAAGAAGAGGGAGTCAAGCTATTTTCCAAAGCA-------------------------GATG----------------------------------------------------  25853
PcRTF 3  29504  TGCCATAAAGAAGAGGGAGTCAAGCTATTCTCCAAAGCACCTGAGGGCAGGACAAGAAGCAATGGATAGAAACTAATCAAGGAGAGAAGCAACCTAGAACTAAGGAGAAACTTCCTGGCA  29623
PcRTF 4  35040  TGCCCCAAAGAAGAGGGAGTCAAGCTATTCTCCAAAGCACCTGAAGGCAGGACAAGAAGCAATGGATA----------------------------------------------------  35107
PcRTF 5  42560  TGCCCCAAAGAAGAGGGAGTCAAGCTATTCTCCAAAGCACCTGAGGGCAGGACAAGAAGCAATGGATA----------------------------------------------------  42627
PcRTF B’  4316  TGCCCCAAAGAAGAGGGAGTCAAGCTATTCTCCAAAGCACCTGAGGGCAGGACAAGAAGCAATGGATA----------------------------------------------------  4383
A               ------------------------------------------------------------------------------------------------------------------------  
B               ------------------------------------------------------------------------------------------------------------------------
C         1423  ---------------------------TTCTCCGAAGCACCTGCGGGCAGGACGAAAAGTAACGGATT----------------------------------------------------  1383
PsCR1           ------------------------------------------------------------------------------------------------------------------------      
                  
PcRTF 2         ------------------------------------------------------------------------------------------------------------------------
PcRTF 3  29624  GTTAGAGCAATTAACCAGTGGAACAACCTGCCTCCAGAAGCGGTGAATGCTCCAACACTGGACAGCCATTTGTCCGAAATGTCTAGTTTAATGAAGAGAAGGACGAGGGGGGACATGATA  29743
PcRTF 4         ------------------------------------------------------------------------------------------------------------------------
PcRTF 5         ------------------------------------------------------------------------------------------------------------------------  
PcRTF B’        
A               ------------------------------------------------------------------------------------------------------------------------
B               ------------------------------------------------------------------------------------------------------------------------
C              ------------------------------------------------------------------------------------------------------------------------
PsCR1     4237  -------------------------------------------------------------------CAAGTTGCAGTGGGGGAGGTCTAGGTTGGACATTAGGAAAAA-GTTTTTCACT  4288
                                                                                    K  L  Q  W  G  R  S  R  L  D  I  R  K   K  F  F  T 
PcRTF 2  25854  -------------------------------------------------------------------GAAACTAACCAAAGAAAGAAGCAACCTAGAACTAAGGAGAAA-CTTCCTGACA  25905
PcRTF 3  29744  GCCGTGTTCCAATATCTCAGTGGCTGCCCCAAAGAAGAGGGAGTCAAGCTATTTTCCAAAGCAGATGGAAACTGATCAAGGAGAGAAGCAACCTGGAACTAAGGAGAAA-TTTCCTGACA  29862
PcRTF 4  35108  -------------------------------------------------------------------GAAACTGATCAAGGAGAGAAGCAACCTGGAACAAAGGAGAAA-CTTCCTGGCA  35159
PcRTF 5  42628  -------------------------------------------------------------------GAAACTAATCAAGGAGAGAAGCAACCTGGAACAAAGGAGAAA-CTTCCTGACA  42679
PcRTF B’  4384  -------------------------------------------------------------------GAAACTAATCAAGGAGAGAAGCAACCTGGAACAAAGGAGAAA-CTTCCTGACA  4435
A          124  --------------------------------------------------------------------TAATTAATGAAGGAGAGAAGCAACCTAAAAATAAGGAGAAA-TTTCCTGACA  74
B         1142  -----------------------------------------------------------------------------------------------AAAATAAGGAGGAA-TTTCCTGACA  1119
C         1382  --------------------------------------------------------------------------ATCAAAGAGAGATTCAGCCTAGAACTAAGAAAAAGTTTTCCTGGCA  1337
PsCR1     4289  AGGAGGGTGGTGAAGCATTGGAATGGG-----TTACCTAGGGAGGTGGTGGCATC-TCCATCTTTAGAGGTTTTTAAGCTGCGGCTTGACAAAACCCTCGCTGGGATGATTTAGCTRRGG  4402
                 R  R  V  V  K  H  W  N  G       L  P  R  E  V  V  A   S  P  S  L  E  V  F  K  L  R  L  D  K  T  L  A  G  M  I  *
PcRTF 2  25854  GTGAGAACAATTAACCAGTGGAACAAC-----CTGCCTCCAGAAGCGGTGAATGC-TCCAACACTGGAAGTTTTTAAGAAGAGACTGGACAGCCATTTTTCCGAAATGGTATAG----GG  25905
PcRTF 3  29863  GTGAGAACAATTAACCAGTGGAACAAC-----CTGCCTCCAGAAGCGGTGAATGC-TCCAACACTGGAAGTTTTTAAGAA---ACTGGACAGCCATTTCTCCGAAATGGTATAG----GG  29969
PcRTF 4  35160  GTTAGAGCAATTAACCAGTGGAACAAC-----CTGCCTCCAGAAGCGGTGAATGC-TCCCACACTGGAAGTTTTTAAGAAGAAACTGGACAGCCATTTCTCCGAAATGGTATAG----GG  35269
PcRTF 5  42680  GTTAGAACAATTAACCAGTGGAACAAC-----CTGCCTCCAGAAGCGGTGAATGC-TCCCACACTGGAAGTTTTTAAGAAGAAACTGGACAGCCATTTCTCCGAAATGGTATAG----GG  42789
PcRTF B’  4436  GTTAGAACAATTAACCAGTGGAACAAC-----CTGCCTCCAGAAGCGGTGAATGC-TCCCACACTGGAAGTTTTTAAGAAGAAACTGGACAGCCATTTCTCCGAAATGGTATAG----GG  4545
A           73  ATGAGACCAATTGATCAGTGGAACTACTGTAGTTGCCTCCAGAAGTTGTGGGTGCTTCCATCACTGGAGGTTT-----------------------------------------------  1
B         1118  GTGAGAACAATCAACCAGTGGAACGGT-----TTCCCTCCAGAAGTTGTGGCTGC-TCCAACGTTGGAGGTTTTCAGGAAGAGATTGGACCTCCCTTTGTGTGAAATGGTCTAG----GG  1009
C         1336  GTGAGAACAATTAAACAGTGGATCGGC-----TTCTCCCTGGAAGTGGTGGGTGA-TCCATCACTGGAGGCTGTTAAGAAGGAACCGGACAGCCACTTCTCTGGAATTGTACAG----GG  1227
PsCR1     4403  TTRGTCCTGCTTTGAGCAGGGGGTTGGACTAGATGACCTCCTGAGGTCCCTTCCAACTCT-AATATTCTATGATTCTAT-----------------------------------------  4480
                  
PcRTF 2  26016  TT--TCCTGC-CTGAGCAGAGGGTTGGACTAGATGACCTC-TAAGGTCCCTTCCTACTTT-ATTATTATT--ATTATTA-----------------------------------------  26087
PcRTF 3  29970  TT--TCCTGC-CTGAGCAGTGGGTTGGACTTGATGACCTC-TAAGGTCCCTTCCAAGTTTTATTATTATT--ATTGCTC-----------------------------------------  30042
PcRTF 4  35270  TT--TCCTGC-CTGAGCAGTGGGTTGGACTTGATGACCTC-TAAGGTCCCTTCCAAGTTTTATTATTATT--ATTGCTC-----------------------------------------  35342
PcRTF 5  42790  TT--TCCTGC-CTGAGCAGTGGGTTGGACTTGATGACCTC-TAAGGTCCCTTCCAAGTTTTATTATTATT--ATTGCTC-----------------------------------------  42862
PcRTF B’  4546  TT--TCCTGC-CTGAGCAGTGGGTTGGACTTGATGACCTC-TAAGGTCCCTTCCAAGTTTTATTATTATT--ATTGCTC-----------------------------------------  4618
A              ------------------------------------------------------------------------------------------------------------------------
B         1008  TC--TCCTGC-TTG---AGAGGGTTGGACTAGAAGACCTC-TGAGGTCCCATCTGACTTT-GTTGTTCTGT-ATTCTGT-----------------------------------------  939
C         1226  TC--TCCTGC-TTGAGCAGGGGGCTGGACTAGAAGACCTCC-AAGGTCCCTTCCGACTCT-GTTATTTTGT-ATTCTGA-----------------------------------------  1154
carboxyl-terminal conserved region (CTCR)
PcRTF B’ は PfPLA-B’ の 3’ 下流の PcRTF，A, B, C は PfIIDPLA2 の 5’ 上流の PcRTF 様断片を示す。
PsCR1, Acanthochelys spixii retrotransposon CR1-like LINE, copmlete sequence [AB005891]。
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逆
転
写
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C
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に
よ
る
IB
型
P
L
A
2
遺
伝
子
転
写
産
物
発
現
組
織
ボ
デ
ィ
ー
マ
ッ
プ
。
右
数
値
は
P
C
R
サ
イ
ク
ル
数
を
示
す
。
(B
) 
別
個
体
で
行
っ
た
IB
型
P
L
A
2
遺
伝
子
発
現
の
検
証
。
(C
) 
半
定
量
的
発
現
量
比
較
。
A
C
T
B
遺
伝
子
増
幅
バ
ン
ド
の
蛍
光
強
度
に
基
づ
い
た
定
量
値
を
算
定
し
，
IB
型
P
L
A
2
遺
伝
子
転
写
産
物
増
幅
バ
ン
ド
の
蛍
光
強
度
を
定
量
値
補
正
し
た
後
，
ホ
ン
ハ
ブ
膵
臓
で
の
定
量
値
を
1
と
し
て
，
各
サ
ン
プ
ル
間
で
の
発
現
量
を
相
対
的
に
比
較
し
た
。
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Figure 81. ホンハブ IIA 型 PLA2 遺伝子アイソザイムの
プロモーター領域とそこに結合すると予測された転写因子群
PfPLA 6  ----------------------------------------------------------------------------------------------------   0
PfPLA 5&PfPLA-B’ GCCTCATTTTGTCCAAACATCTGGCACACCCAGATTAGGAAAATGCTCTGCGGTTGGGTGGACCCAACAGAGAACTGCCTGGCCTTAAGGGATCCTACTC   100
PfPLA 4  GCCTCATTTTGTCCAAACATCTGGCACACCCAGATTAGGAAAATGCTCTGCGGTTGGGTGGACCCAACAGAGAACTGCCTGGCCTTAAGGGATCCTACTC   100
PfPLA 7  GCCTCATTTTACACAAACATCTGGCACACCCAGATTAGGAAAATGCTCTGCGGTTGGGTTGACCCAACAGAGAACTGCCTGGCCTTAAGGGATCCTACTC   100
PfPLA 8  GCCTCATTTTACACAAACATCTGGCACACCCAGATTAGGAAAATGCTCTGCGGTTGGGTGGACCCAACAGAGAACTGCCTGGCCTTAAGAGATCCTACTC   100
PfPLA 2  -------------------------------------------------------------ACCCAACAGAGAACTGCCTGGCCTTAAGGGATCCT----   35
  
                                                       
                        
PfPLA 6  -----------------------------------GCCAGCCGC-TGACCT-CTGCCACCCAAGGCTGCCCC-AGGGATGGAAGATCGCGTT--TCGCTT   60
PfPLA 5&PfPLA-B’ AAGAGGTGCAAAGCCCCCTCCTCAATCTCACCCACGAGACCCC-AACTCCATCTGCCACCCGAGGCTGCCCCCAGGGACGGAAGTTCAGGTTCCTCGCTT   199
PfPLA 4  AAGAGGTGCAAAGCCCCCTCCTCAATCTCACCCACGAGACCCC-AACTCCATCTGCCACCCGAGGCTGCCCCAAGGGACGGAGGTTCGGGATCCTCGCTT   199
PfPLA 7  AAGAGGTGCAAAGCCCCCTCCTCAATCTCACCCACCAGACCCCCAACTCCATCTGCCACCCGAGGCTGCCCCAAGGGACGGAGGTTCGGGTTCCTCGCTT   200
PfPLA 8  AAGAGATGCAAAGCCCCCTCCTCAATCTCACCCACGAGACCCCCAACTCCATCTGCCACCCGAGGCTGCCCCAAGGGACGGAGGTTCGGGATCCTCGCTT   200
PfPLA 2  -----------------------------------------------------------------------------------------------CGCTT   40
                                                                                                 *****     
                                                       
                  
PfPLA 6  GGAGACGGGAAGGGAAACCGCCTGGAGAGGTTTCTGAAGATGGCCCTCCAGATGAGAGCAAGGGTCACCTGCCGGGAGGACTGGGGAAGCCCCTCCCCGG   160
PfPLA 5&PfPLA-B’ GGAGATGGGAAGGAAAACCACGTGCAGAG-TTCCTGAAGATGGCCCGCCAGGTGACAGCGAGGATCACCTGCCAGGAGGACTGGGGAAGTCCCTCCCCTA   298
PfPLA 4  GGAGACGGGAAGG-AAACCACCTGGAGAG-TTCCTGAAGATGGCCCGCCAGGTGACAGCGAGGATCACCTGCCAGGAGGACTGGGGAAGTCCCTCCCCTA   297
PfPLA 7  GGAGACGGGAAGGGAAACCACGTGGAGAG-TTCCTGAAGATGGCCCGCCAGGTGACAGTGAGGATCACCTGCCAGGAGGACTGGGGAAGTCCCTCCCCTA   299
PfPLA 8  GGAGATGGGAAGGGAAACCACGTGGAGAG-TTCCTGAAGATGGCCCGCCAGGTGACAGCGAGGATCACCTGCCGGGAGGATTG------TCCCTCCCCTA   293
PfPLA 2  GGAGATGGGAAGGGAAACCACCTGGAGAG-TTCCTGAAGATGGCCCGCCAGGTGACAGCGAGGATCACCTGCCAGGAGGACTGGGGAAGTCCCTCCCCTA   139
  ***** ******* ***** * ** **** ** ************* **** *** **  *** ********* ****** **       ********  
PfPLA 6  CTACATAAAAGGTGCCAGCACCGTCTTCAGGGGGCAGAGGAGCAGAGGGAGCTTGGAGGGAGAAGCTGGGGTGCTTCCGGACCCCCCCTCGACCCTGACA   260
PfPLA 5&PfPLA-B’ CCACATAAAAGGTGCCAGCCACGTCTCCAGGGGGCAGAGGAGCAGAGGGAGCCT----------------------------------------------   352
PfPLA 4  CCACATAAAAGGTGCCAGCCGCGTCTCCAGGGGGCAGAGGAGCAGAGGGAGCCT----------------------------------------------   351
PfPLA 7  CCACATAAAAGGTGCCAGCCGCGTCTCCAGGGGGCAGAGGAGCAGAGGGAGCCT----------------------------------------------   353
PfPLA 8  CCACATAAAAGGGGCCAGCCGCGTCTCCAGGGGGCAGAGGAGCAGAGGGAGCCT----------------------------------------------   347
PfPLA 2  CCACATAAAAGGGGCCAGCCGCGTCTCCAGGGGGCAGAGGAGCAGAGGGAGCCT----------------------------------------------   193
  * ********** ******  ***** ************************* *
PfPLA 6  CAAGGCTGCCAGGTGT----AACCACATCGTTGCCATTTTCCCCTGCCCGGCTTCTCCTTCTGATCCTTGCCTACAGGTTATCCTTGACTTACAACCGTT   356
PfPLA 5&PfPLA-B’ -------GACAGGTGTGAATAGCCACATCGTTGCCATTTTCCCCTGCCCGGCTTCTCCTTCTGATCCTTGCTTACAGGTTATCCTTGACTTACAACCGTT   445
PfPLA 4  -------GACAGGTGTGAATAGCCACATCGTTGCCATTTTCCCCTGCCCGGCTTCTCCTTCTGATCCTTGCCTACAGGTTATCCTTGACTTACAACCGTT   444
PfPLA 7  -------GACAGGTGTGAATAGCCACATCGTTGCCATTTTCCCCTGCCCGGCTTCTCCTTCTGATCCTTGCCTACAGGTTATCCTTGACTTACAACCGTT   446
PfPLA 8  -------GACAGGTGTGAATAGCCACATCATTGCCATTTTCCCCTGCCCGGCTTCTCCTTCTGATCCTTGCCTACAGGTTATCCTTGACTTACAACCATT   440
PfPLA 2  -------GACAGGTGTGAATAGCCACATCGTTGCCATTTTCCCCTGCCTGGCTTCTCCTTCTGATCCTTGCCTACAGGTTATCCTTGACTTACAACCGTT   286
         * *******    * ******* ****************** ********************** ************************* ** 
                   
PfPLA 6  CGTTTAGTGACCGTTCTAAGCGCCATTTTCCAGACTTTTCACCAGCGGAGGCGATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   456
PfPLA 5&PfPLA-B’ TGTTTAGTGACCATTCTAAGGACCATTTTCCAGACTTTTCACCAGCGGAGGCGATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   545
PfPLA 4  TGTTTAGTGACCGTTCTAAGGGCCATTTTCCAAACTTTTCACCAGCGGAGGCGATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   544
PfPLA 7  TGTTTAGTGACTGTTCTAAGGACCATTTTCCAGACTTTTCACCAGCGGAGGCAATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   546
PfPLA 8  TGTTTAGTGACCGTTCTAAGGACCATTTTCCAGACTTTTCACCAGCGGAGGCGATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   540
PfPLA 2  CGTTTAGTGACCGTTCTAAGGACCATTTTCCAGACTTTTCACCAGCGGAGGCGATTAACGGGGTCTGTCCATTCCCAGGTCTGGATTCGGGAGGATGAGG   386
   **********  *******  ********** ******************* ***********************************************
PfPLA 6  ACGCTCTGGATAATGGCCGTGTTGCTGCTGGGTGGTAAGTGAA 499
PfPLA 5&PfPLA-B’ ACTCTTTGGATAATGGCCGTGTTGCTGGTGGGCGGTGAGTGAA 588
PfPLA 4  ACTCTCTGGATAATGGCCGTGTTGCTGGTGGGCGGTGAGTGAA 587
PfPLA 7  ACTCTCTGGATAATGGCCGTGTTGCTGGTGGGCGGTGAGTGAA 589
PfPLA 8  ACTCTTTGGATAATGGCCGTGTTGCTGGTGGGCGGTGAGTGAA 583
PfPLA 2  ACTCTCTGGATAATGGCCGTGTTGCTGGTGGGCGGTGAGTGAA 429
  ** ** ********************* **** *** ******
Helix-Loop-Helix
Family
ETS Family
Rel Family Rel Family
EHF Binding site
Finger Family
TATA box
BetaBetaAlpha-zinc
CpG は赤色で示し，メチル化状態解析を行った領域を太字で示す。矢印は転写開始点，青背景は ETS ファミリー，黄背
景は Helix-Loop-Helix ファミリー，赤背景は Rel ファミリー，緑背景は BetaBetaAlpha-zinc Finger ファミリー，黒枠は
TATA box 結合タンパク質，それぞれの結合サイトを示す。赤波線は中村らによって予測された ESE-3 結合サイトを示す。
 237 
T
ab
le
 1
. 
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
ス
ー
パ
ー
フ
ァ
ミ
リ
ー
分
泌
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
 (
sP
L
A
2
) 
 
 
 
I 
 
A
, 
B
 
 
 
 
 
 
1
3
-1
5
  
H
is
/A
sp
 
 
 
 
 
 
 
 
 
II
 
 
A
, 
B
, 
C
, 
D
, 
E
, 
F
 
 
 
 
1
3
-1
7
  
 
 
 
 
 
 
 
 
 
 
II
I 
 
 
 
 
 
 
 
1
5
-1
8
  
 
 
 
 
 
 
 
 
 
 
V
 
 
 
 
 
 
 
 
1
4
 
 
 
 
 
 
 
 
 
 
 
 
IX
 
 
 
 
 
 
 
 
1
4
 
 
 
 
 
 
 
 
 
 
 
 
X
 
 
 
 
 
 
 
 
1
4
 
 
 
 
 
 
 
 
 
 
 
 
X
I 
 
A
, 
B
 
 
 
 
 
 
1
2
-1
3
  
 
 
 
 
 
 
 
 
 
 
X
II
 
 
A
, 
B
 
 
 
 
 
 
1
9
 
 
 
 
 
 
 
 
 
 
 
 
X
II
I 
 
 
 
 
 
 
 
<
 1
0
 
 
 
 
 
 
 
 
 
 
 
 
X
IV
 
 
 
 
 
 
 
 
1
3
-1
9
  
 
 細
胞
質
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
 (
cP
L
A
2
??
?
?
??
?
?
?
??
???
??
??
???
??
???
?
??
???
??
??
???
??
??
??
??
??
?
??
???
??
 
 
 
 
 
 
 
C
a2
+
非
依
存
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
 (
iP
L
A
2
???
?
?
??
?
?
??
???
??
??
???
??
???
?
??
???
??
??
???
??
??
??
??
??
?
??
???
??
 
 
 
 
 
 
 
 
 
 
 
血
小
板
活
性
化
因
子
ア
セ
チ
ル
ヒ
ド
ラ
ー
ゼ
 (
P
A
F
-A
H
) 
V
II
 
 
A
(L
p
-P
L
A
2
???
??
??
??
?
?
???
???
?
??
??
??
?
??
???
???
?
??
?
?
?
?
?
?
?
?
?
?
???
?
?
?
??
1
???
??
? 2
???
??
?
?
?
??
??
??
?
?
 リ
ソ
ソ
ー
ム
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
 (
L
P
L
A
2
??
?
?
?
?
?
?
?
?
?
?
?
??
?
?
??
???
???
?
??
ア
デ
ィ
ポ
サ
イ
ト
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
 (
A
d
P
L
A
) 
 
X
V
I 
 
 
 
 
 
 
 
1
8
 
 
H
is
/C
y
s
タ
イ
プ
グ
ル
ー
プ
サ
ブ
グ
ル
ー
プ
分
子
量
 (k
D
a)
触
媒
残
基
出
典
：
?
??
??
???
???
???
??
??
??
??
??
?
???
??
???
??
???
??
??
??
??
??
一
部
修
正
).
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 238 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T
ab
le
 2
. 分
泌
型
ホ
ス
ホ
リ
パ
ー
ゼ
A
2
IA
 
 
コ
ブ
ラ
科
ヘ
ビ
 (
E
la
pi
da
e)
 [
毒
腺
]  
 
 
 
 
 
 
 
 
13
-1
5 
 
 
7
IB
 
 
哺
乳
類
 [
膵
臓
],
 鳥
類
, 爬
虫
類
, 両
生
類
, 魚
類
, 昆
虫
類
, 線
虫
類
 
 
 
 
 
13
-1
5 
 
 
7
II
A
 
 
哺
乳
類
 [
小
腸
, 脳
, 卵
巣
],
 鳥
類
, 爬
虫
類
, ク
サ
リ
ヘ
ビ
科
ヘ
ビ
 (
V
ip
er
id
ie
) 
[
毒
腺
] 
 
13
-1
5 
 
 
7
II
B
 
 
ク
サ
リ
ヘ
ビ
科
ア
フ
リ
カ
ア
ダ
ー
属
ヘ
ビ
 (
V
ip
er
id
ae
, V
ip
er
in
ae
, B
iti
s)
 [
毒
腺
] 
 
 
13
-1
5 
 
 
6
II
C
 
 
哺
乳
類
 [
精
巣
] 
 
 
 
 
 
 
 
 
 
 
 
 
15
 
 
 
8
II
D
 
 
哺
乳
類
 [
二
次
リ
ン
パ
組
織
, 腎
臓
, 膵
臓
],
 両
生
類
 
 
 
 
 
 
 
14
-1
5 
 
 
7
II
E
 
 
哺
乳
類
 [
心
臓
, 肺
, 脳
],
 鳥
類
, 爬
虫
類
, 両
生
類
, ナ
ミ
ヘ
ビ
科
ヘ
ビ
 (
C
ol
ub
ri
da
e)
 [
毒
腺
] 
14
-1
5 
 
 
7
II
F
 
 
哺
乳
類
 [
心
臓
, 扁
桃
腺
, 皮
膚
, 胚
] 
 
 
 
 
 
 
 
 
16
-1
7 
 
 
6
II
I 
 
哺
乳
類
 [
骨
格
筋
, 二
次
リ
ン
パ
組
織
, 脳
, 精
巣
] 
 
 
 
 
 
 
55
 
 
 
8
 
 
爬
虫
類
 [
毒
腺
],
 両
生
類
, 魚
類
, 昆
虫
類
 [
毒
腺
] 
 
 
 
 
 
 
15
-1
8 
 
 
8
V
 
 
哺
乳
類
 [
心
臓
, 肺
, 網
膜
, 卵
巣
],
 鳥
類
  
 
 
 
 
 
 
 
14
 
 
 
6
IX
 
 
貝
類
 [
毒
腺
]  
 
 
 
 
 
 
 
 
 
 
 
14
 
 
 
6
X
 
 
哺
乳
類
 [
肺
, 結
腸
, 精
巣
, 一
次
・
二
次
リ
ン
パ
組
織
],
 鳥
類
, 爬
虫
類
, 両
生
類
, 魚
類
 
 
14
 
 
 
8
X
IA
 
 
植
物
 [
苗
条
]  
 
 
 
 
 
 
 
 
 
 
 
12
.4
 
 
 
6
X
IB
 
 
植
物
 [
苗
条
]  
 
 
 
 
 
 
 
 
 
 
 
12
.4
 
 
 
6
X
II
A
 
 
哺
乳
類
 [
甲
状
腺
, 前
立
腺
, 骨
格
筋
],
 鳥
類
, 爬
虫
類
, 両
生
類
, 魚
類
  
 
 
 
19
 
 
 
7
X
II
B
 
 
哺
乳
類
 [
肝
臓
, 甲
状
腺
],
 鳥
類
, 爬
虫
類
, 両
生
類
, 魚
類
 
 
 
 
 
 
19
 
 
 
7
X
II
I 
 
パ
ル
ボ
ウ
ィ
ル
ス
 
 
 
 
 
 
 
 
 
 
 
 
<
 1
0 
 
 
0
X
IV
 
 
共
生
菌
類
，
バ
ク
テ
リ
ア
 
 
 
 
 
 
 
 
 
 
 
13
-1
9 
  
 
2
生
物
種
[発
現
組
織
]
グ
ル
ー
プ
分
子
量
 (k
D
a)
ジ
ス
ル
フ
ィ
ド
結
合
出
典
：
S
ch
al
os
ke
 e
t 
al
., 
20
06
. B
io
ch
im
. B
io
ph
ys
. A
ct
a.
 1
76
1,
 1
24
6–
12
59
 (
一
部
修
正
).
, M
ur
ak
am
i 
et
 a
l.
, 2
01
1.
 P
ro
g.
 L
ip
id
 R
es
. 5
0,
 1
52
–1
92
 (
一
部
修
正
).
 239 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. 琉球弧の地理的隔離を制約として採用しない場合の
蛇族分岐年代推定
Poster_1       
Tree Node mean  95% Equal-tail CI 95% HPD CI  HPD-CI-width Jnode
t_n56  1.7207  1.6589, 1.8426 1.6448, 1.8193 0.1745  Jnode 108
t_n57  1.1713  0.8249, 1.6018 0.8338, 1.6084 0.7746  Jnode 107
t_n58  0.6500  0.4445, 0.8987 0.4194, 0.8678 0.4485  Jnode 106
t_n59  1.1284  1.1058, 1.1480 1.1065, 1.1485 0.0420  Jnode 105
t_n60  0.9445  0.9347, 0.9645 0.9328, 0.9609 0.0280  Jnode 104
t_n61  0.7622  0.7131, 0.8263 0.7112, 0.8232 0.1119  Jnode 103
t_n62  0.7534  0.7015, 0.8198 0.6993, 0.8162 0.1169  Jnode 102
t_n63  0.4976  0.3182, 0.6611 0.3238, 0.6651 0.3412  Jnode 101
t_n64  0.7129  0.6702, 0.7634 0.6663, 0.7585 0.0922  Jnode 100
t_n65  0.5110  0.2944, 0.6835 0.3027, 0.6878 0.3852  Jnode 99
t_n66  0.0636  0.0385, 0.0984 0.0355, 0.0934 0.0578  Jnode 98
t_n67  0.6667  0.6318, 0.7093 0.6290, 0.7052 0.0762  Jnode 97
t_n68  0.5479  0.5282, 0.5570 0.5313, 0.5589 0.0276  Jnode 96
t_n69  0.5218  0.4922, 0.5439 0.4958, 0.5464 0.0506  Jnode 95
t_n70  0.4659  0.4315, 0.4969 0.4327, 0.4978 0.0651  Jnode 94
t_n71  0.4318  0.3915, 0.4692 0.3916, 0.4693 0.0777  Jnode 93
t_n72  0.3764  0.3225, 0.4261 0.3256, 0.4282 0.1027  Jnode 92
t_n73  0.2960  0.2380, 0.3534 0.2404, 0.3555 0.1151  Jnode 91
t_n74  0.2072  0.1591, 0.2621 0.1584, 0.2609 0.1025  Jnode 90
t_n75  0.1786  0.1283, 0.2312 0.1256, 0.2280 0.1024  Jnode 89
t_n76  0.3250  0.2717, 0.3761 0.2715, 0.3756 0.1041  Jnode 88
t_n77  0.2763  0.2211, 0.3307 0.2195, 0.3287 0.1092  Jnode 87
t_n78  0.2412  0.1905, 0.2962 0.1906, 0.2962 0.1056  Jnode 86
t_n79  0.1365  0.0978, 0.1857 0.0958, 0.1825 0.0867  Jnode 85
t_n80  0.0101  0.0046, 0.0182 0.0039, 0.0171 0.0131  Jnode 84
t_n81  0.3639  0.3226, 0.4059 0.3223, 0.4054 0.0831  Jnode 83
t_n82  0.3136  0.2718, 0.3578 0.2708, 0.3564 0.0855  Jnode 82
t_n83  0.2587  0.2231, 0.3014 0.2218, 0.2989 0.0771  Jnode 81
t_n84  0.2246  0.2019, 0.2618 0.2001, 0.2569 0.0568  Jnode 80
t_n85  0.1737  0.1414, 0.2113 0.1419, 0.2116 0.0697  Jnode 79
t_n86  0.1276  0.1049, 0.1551 0.1040, 0.1534 0.0494  Jnode 78
t_n87  0.1027  0.0766, 0.1312 0.0761, 0.1305 0.0545  Jnode 77
t_n88  0.0768  0.0506, 0.1063 0.0495, 0.1050 0.0555  Jnode 76
t_n89  0.1186  0.0955, 0.1458 0.0952, 0.1450 0.0498  Jnode 75
t_n90  0.0757  0.0561, 0.0980 0.0554, 0.0970 0.0416  Jnode 74
t_n91  0.0630  0.0445, 0.0848 0.0445, 0.0848 0.0403  Jnode 73
t_n92  0.0099  0.0046, 0.0177 0.0040, 0.0166 0.0126  Jnode 72
t_n93  0.2123  0.1892, 0.2468 0.1878, 0.2439 0.0561  Jnode 71
t_n94  0.1139  0.0776, 0.1560 0.0748, 0.1524 0.0776  Jnode 70
t_n95  0.2028  0.1807, 0.2348 0.1789, 0.2315 0.0526  Jnode 69
t_n96  0.1735  0.1548, 0.1999 0.1540, 0.1979 0.0440  Jnode 68
t_n97  0.1264  0.1212, 0.1348 0.1207, 0.1340 0.0133  Jnode 67
t_n98  0.0998  0.0814, 0.1159 0.0820, 0.1162 0.0342  Jnode 66
t_n99  0.0914  0.0706, 0.1097 0.0706, 0.1097 0.0391  Jnode 65
t_n100  0.1259  0.0989, 0.1585 0.0979, 0.1565 0.0586  Jnode 64
t_n101  0.0871  0.0640, 0.1148 0.0623, 0.1123 0.0500  Jnode 63
t_n102  0.0428  0.0284, 0.0602 0.0275, 0.0589 0.0314  Jnode 62
t_n103  0.0236  0.0138, 0.0365 0.0132, 0.0355 0.0224  Jnode 61
t_n104  0.0231  0.0127, 0.0379 0.0118, 0.0361 0.0243  Jnode 60
t_n105  0.2912  0.2378, 0.3425 0.2394, 0.3435 0.1041  Jnode 59
t_n106  0.1985  0.1479, 0.2524 0.1498, 0.2542 0.1044  Jnode 58
t_n107  0.6222  0.5965, 0.6572 0.5943, 0.6534 0.0590  Jnode 57
t_n108  0.5877  0.5767, 0.6114 0.5752, 0.6080 0.0329  Jnode 56
t_n109  0.6385  0.4707, 0.7903 0.4686, 0.7878 0.3193  Jnode 55
mu1  0.6261  0.5443, 0.7211 0.5410, 0.7161 0.1751 
mu2  0.9733  0.8474, 1.1177 0.8402, 1.1088 0.2685 
mu3  0.2447  0.2040, 0.2969 0.2011, 0.2915 0.0904 
mu4  0.3177  0.2605, 0.3891 0.2569, 0.3837 0.1268 
sigma2_1 0.2063  0.1309, 0.3069 0.1223, 0.2950 0.1727 
sigma2_2 0.2179  0.1387, 0.3252 0.1338, 0.3183 0.1846 
sigma2_3 0.3451  0.1897, 0.5725 0.1745, 0.5488 0.3742 
sigma2_4 0.3896  0.2382, 0.5940 0.2214, 0.5697 0.3484 
lnL  -202.8912 -230.127, -176.659 -230.132, -176.703 53.429 
信頼区間 (CI, Confidence interval),  最高密度区間 (HPD, Highest Posterior Density)。各ノード番号は Figure 63 に従う。
各年代時間は 1 億年を 1.000 と設定し表記している。
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Table 4. 琉球弧の地理的隔離を制約として採用した場合の
蛇族分岐年代推定
Poster_1       
Tree Node mean  95% Equal-tail CI 95% HPD CI  HPD-CI-width Jnode
t_n56  1.7216  1.6591, 1.8463 1.6485, 1.8250 0.1765  Jnode 108
t_n57  1.1702  0.8194, 1.6114 0.8265, 1.6181 0.7916  Jnode 107
t_n58  0.6506  0.4439, 0.9242 0.4182, 0.8790 0.4609  Jnode 106
t_n59  1.1275  1.1058, 1.1473 1.1058, 1.1472 0.0414  Jnode 105
t_n60  0.9451  0.9347, 0.9655 0.9326, 0.9622 0.0296  Jnode 104
t_n61  0.7622  0.7130, 0.8273 0.7084, 0.8216 0.1131  Jnode 103
t_n62  0.7543  0.7032, 0.8232 0.6965, 0.8140 0.1175  Jnode 102
t_n63  0.4982  0.3189, 0.6597 0.3262, 0.6648 0.3386  Jnode 101
t_n64  0.7137  0.6719, 0.7657 0.6710, 0.7644 0.0935  Jnode 100
t_n65  0.5152  0.2969, 0.6870 0.3050, 0.6927 0.3877  Jnode 99
t_n66  0.0630  0.0375, 0.0974 0.0356, 0.0949 0.0593  Jnode 98
t_n67  0.6672  0.6328, 0.7111 0.6310, 0.7087 0.0777  Jnode 97
t_n68  0.5480  0.5287, 0.5570 0.5323, 0.5586 0.0264  Jnode 96
t_n69  0.5215  0.4910, 0.5438 0.4944, 0.5454 0.0510  Jnode 95
t_n70  0.4662  0.4315, 0.4970 0.4334, 0.4981 0.0646  Jnode 94
t_n71  0.4324  0.3918, 0.4691 0.3923, 0.4693 0.0771  Jnode 93
t_n72  0.3768  0.3238, 0.4268 0.3254, 0.4282 0.1027  Jnode 92
t_n73  0.2955  0.2368, 0.3521 0.2370, 0.3523 0.1153  Jnode 91
t_n74  0.2072  0.1580, 0.2611 0.1562, 0.2588 0.1025  Jnode 90
t_n75  0.1786  0.1282, 0.2318 0.1285, 0.2320 0.1034  Jnode 89
t_n76  0.3260  0.2728, 0.3769 0.2731, 0.3770 0.1039  Jnode 88
t_n77  0.2771  0.2233, 0.3306 0.2238, 0.3310 0.1072  Jnode 87
t_n78  0.2421  0.1914, 0.2971 0.1901, 0.2954 0.1053  Jnode 86
t_n79  0.1362  0.0971, 0.1834 0.0944, 0.1800 0.0856  Jnode 85
t_n80  0.0105  0.0047, 0.0189 0.0041, 0.0177 0.0135  Jnode 84
t_n81  0.3638  0.3225, 0.4050 0.3234, 0.4054 0.0820  Jnode 83
t_n82  0.3140  0.2719, 0.3590 0.2695, 0.3562 0.0867  Jnode 82
t_n83  0.2587  0.2229, 0.3001 0.2219, 0.2982 0.0764  Jnode 81
t_n84  0.2255  0.2023, 0.2622 0.1995, 0.2573 0.0578  Jnode 80
t_n85  0.1752  0.1420, 0.2141 0.1405, 0.2122 0.0717  Jnode 79
t_n86  0.1279  0.1043, 0.1565 0.1033, 0.1549 0.0516  Jnode 78
t_n87  0.1031  0.0772, 0.1326 0.0761, 0.1312 0.0552  Jnode 77
t_n88  0.0773  0.0514, 0.1069 0.0512, 0.1064 0.0552  Jnode 76
t_n89  0.1190  0.0957, 0.1474 0.0948, 0.1459 0.0510  Jnode 75
t_n90  0.0760  0.0567, 0.0995 0.0563, 0.0988 0.0425  Jnode 74
t_n91  0.0633  0.0443, 0.0855 0.0429, 0.0839 0.0410  Jnode 73
t_n92  0.0117  0.0083, 0.0181 0.0078, 0.0172 0.0094  Jnode 72
t_n93  0.2132  0.1896, 0.2464 0.1881, 0.2442 0.0561  Jnode 71
t_n94  0.1140  0.0770, 0.1565 0.0764, 0.1556 0.0792  Jnode 70
t_n95  0.2037  0.1808, 0.2352 0.1790, 0.2324 0.0534  Jnode 69
t_n96  0.1741  0.1544, 0.2001 0.1528, 0.1981 0.0452  Jnode 68
t_n97  0.1266  0.1211, 0.1359 0.1198, 0.1338 0.0140  Jnode 67
t_n98  0.0999  0.0809, 0.1160 0.0810, 0.1160 0.0351  Jnode 66
t_n99  0.0914  0.0705, 0.1096 0.0713, 0.1101 0.0388  Jnode 65
t_n100  0.1254  0.0976, 0.1576 0.0972, 0.1566 0.0594  Jnode 64
t_n101  0.0857  0.0630, 0.1126 0.0619, 0.1109 0.0491  Jnode 63
t_n102  0.0427  0.0287, 0.0598 0.0274, 0.0579 0.0305  Jnode 62
t_n103  0.0239  0.0139, 0.0372 0.0130, 0.0357 0.0227  Jnode 61
t_n104  0.0235  0.0129, 0.0381 0.0122, 0.0369 0.0247  Jnode 60
t_n105  0.2902  0.2369, 0.3425 0.2376, 0.3431 0.1055  Jnode 59
t_n106  0.1982  0.1464, 0.2543 0.1441, 0.2509 0.1068  Jnode 58
t_n107  0.6224  0.5964, 0.6578 0.5945, 0.6545 0.0600  Jnode 57
t_n108  0.5877  0.5766, 0.6117 0.5748, 0.6073 0.0324  Jnode 56
t_n109  0.6391  0.4690, 0.7954 0.4619, 0.7867 0.3248  Jnode 55
mu1  0.6245  0.5431, 0.7231 0.5418, 0.7207 0.1790 
mu2  0.9707  0.8415, 1.1197 0.8304, 1.1058 0.2754 
mu3  0.2447  0.2030, 0.2970 0.2008, 0.2927 0.0919 
mu4  0.3174  0.2591, 0.3870 0.2575, 0.3843 0.1268 
sigma2_1 0.2084  0.1326, 0.3177 0.1247, 0.3032 0.1784 
sigma2_2 0.2177  0.1381, 0.3231 0.1342, 0.3167 0.1825 
sigma2_3 0.3480  0.1912, 0.5780 0.1667, 0.5385 0.3719 
sigma2_4 0.3899  0.2419, 0.5960 0.2308, 0.5743 0.3434 
lnL  -201.8791 -229.318, -176.893 -228.999, -176.659 52.34 
信頼区間 (CI, Confidence interval),  最高密度区間 (HPD, Highest Posterior Density)。各ノード番号は Figure 63 に従う。
各年代時間は 1 億年を 1.000 と設定し表記している。
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在
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た
場
合
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。
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Table 7. ホンハブ IB 型 PLA2 遺伝子プロモーター領域に
結合すると予測された転写因子群
Name    Family    BLAST Hit sequence Score E-Value
Bcl6     BetaBetaAlpha-zinc Finger BQ631869  287 7e-91
EHF     ETS    CV675730  266     7e-88
ELF1     ETS    BM508960  298 2e-96
ELK1     ETS    BI835063  344     4e-116
ELK4     ETS    CK821104  217     5e-67
Erg     ETS    BI713036  382     2e-130
Ets1     ETS    CK819846  226     1e-70
FEV     ETS    BI438572  277     3e-93
FLI1     ETS    BI713036  238     8e-75
Foxo1     Forkhead   CV675513  368     2e-122
FOXO3    Forkhead   CB177633  195     1e-57
Hltf     GATA    AA159301  250     1e-76
INSM1    BetaBetaAlpha-zinc finger BM503821  182     1e-53
JUN::FOS    Leucine Zipper   CA772039  399     6e-138
        BU789358  294     2e-98
KLF5    BetaBetaAlpha-zinc Finger CF579899  332     5e-110
Mafb     Leucine Zipper    BI466203  201     3e-62
MZF1_1-4   BetaBetaAlpha-zinc Finger BG656540  354     9e-117
MZF1_5-13   BetaBetaAlpha-zinc Finger BG656540  354     9e-117
NFIC     NFI CCAAT-binding  BP323089  388     1e-132
Nkx2-5    Homeo    BI834117  287     5e-95
Nr5a2    Hormone-nuclear Receptor CK819760  388     7e-132
SOX10    High Mobility Group box (HMG) BE226257  224     9e-71
Spi1    ETS    BM919205  219     8e-68
SPIB    ETS    BP324469  223     2e-71
STAT1    STAT    AA069801  319     3e-103
STAT3    STAT    CA772093  432     4e-145
Stat4    STAT    BM918571  478     4e-162
Stat6     STAT    BI521131  216     4e-63
TEAD1    Homeo    BM918968  321     3e-105
Tcfcp2l1    CP2     BM505800  323     1e-107
THAP1     THAP    BI833227  363     1e-125
ヒトとマウスの膵臓 EST データベースより抽出された転写因子群。
転写因子の名称，ファミリー名，ヒットしたデータセットのアクセッション No., Score，E-Value を示す。
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Table 8. ヒメハブ IB 型 PLA2 遺伝子プロモーター領域に
結合すると予測された転写因子群
Name    Family    BLAST Hit sequence Score E-Value
Bcl6     BetaBetaAlpha-zinc Finger BQ631869  287 7e-91
EHF     ETS    CV675730  266     7e-88
ELK1     ETS    BI835063  344     4e-116
ELK4     ETS    CK821104  217     5e-67
Erg     ETS    BI713036  382     2e-130
Ets1     ETS    CK819846  226     1e-70
FEV     ETS    BI438572  277     3e-93
FLI1     ETS    BI713036  238     8e-75
Foxo1     Forkhead   CV675513  368     2e-122
HLF    Leucine Zipper   BM021389  181     3e-55
Hltf     GATA    AA159301  250     1e-76
INSM1    BetaBetaAlpha-zinc finger BM503821  182     1e-53
JUN::FOS    Leucine Zipper   CA772039  399     6e-138
        BU789358  294     2e-98
Mafb     Leucine Zipper    BI466203  201     3e-62
MZF1_5-13   BetaBetaAlpha-zinc Finger BG656540  354     9e-117
NFIC     NFI CCAAT-binding  BP323089  388     1e-132
Nkx2-5    Homeo    BI834117  287     5e-95
Nr5a2    Hormone-nuclear Receptor CK819760  388     7e-132
RFX5     RFX    BM313205  201     7e-60
SOX10    High Mobility Group box (HMG) BE226257  224     9e-71
Spi1    ETS    BM919205  219     8e-68
SPIB    ETS    BP324469  223     2e-71
STAT1    STAT    AA069801  319     3e-103
STAT3    STAT    CA772093  432     4e-145
Stat4    STAT    BM918571  478     4e-162
Stat6     STAT    BI521131  216     4e-63
TEAD1    Homeo    BM918968  321     3e-105
Tcf12    Helix-Loop-Helix   CF579929  208     3e-60
THAP1     THAP    BI833227  363     1e-125
ヒトとマウスの膵臓 EST データベースより抽出された転写因子群。
転写因子の名称，ファミリー名，ヒットしたデータセットのアクセッション No., Score，E-Value を示す。
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Table 11. ホンハブ塩基性 [Asp49]PLA2 遺伝子プロモーター領域に
結合すると予測された転写因子群
Name    Family    BLAST Hit isotig Score E-Value
ARID3A    Arid    isotig17357  258 6e-82
Bcl6     BetaBetaAlpha-zinc Finger   isotig09033  309 7e-99
Bhlhe40    Helix-Loop-Helix   isotig04518  468 7e-153
CTCF     BetaBetaAlpha-zinc Finger  isotig05442  718 0.0   
E2F3     E2F    isotig12623  176 2e-51
E2F6     E2F    isotig12623  269 8e-90
EBF1     Helix-Loop-Helix  isotig21664  299 3e-98
EGR1     BetaBetaAlpha-zinc Finger isotig13881  303 9e-100
EHF     ETS    isotig05227  503 3e-175
ELF1     ETS    isotig02486  630 0.0 
ELF5     ETS    isotig01649  412 2e-136
ELK4     ETS    isotig03088  182 4e-51
FLI1     ETS     isotig15906  317 9e-107
GABPA    ETS    isotig08565  437 3e-153
HNF4A     Hormone-nuclear Receptor isotig05389  264 1e-80
HNF4G     Hormone-nuclear Receptor isotig05389  261 3e-80
MAX     Helix-Loop-Helix  isotig06931  244 1e-79
Meis1     Homeodomain   isotig23346  244 7e-80
Myc     Helix-Loop-Helix  isotig09553  244 3e-77
MZF1_1-4    BetaBetaAlpha-zinc Finger isotig00570  292  2e-87
MZF1_5-13    BetaBetaAlpha-zinc Finger isotig00570  292 2e-87
NFATC2    Rel    isotig03142  267 3e-78
NFIC     NFI CCAAT-binding  isotig04628  495 4e-164
NFKB1     Rel    isotig10963  236 9e-71
NR2F1     Hormone-nuclear Receptor isotig17626  268 4e-88
NR4A2     Hormone-nuclear Receptor isotig07234  428 6e-145
REL     Rel    isotig12550  303 2e-98
RELA     Rel    isotig12550  229 1e-70
Rfx1     RFX    isotig13306  404     9e-134
RUNX1    Runt     isotig18837  305     3e-102
RUNX2    Runt     isotig18837  285     1e-93
Rxra     Hormone-nuclear Receptor  isotig05389  614     0.0   
SMAD2::SMAD3::SMAD4  MH1     isotig17549  259     4e-84
        isotig17549  294     4e-98
        isotig02634  896     0.0   
SP1     BetaBetaAlpha-zinc Finger  isotig05381  375     3e-119
SP2     BetaBetaAlpha-zinc Finger  isotig18337  254     2e-80
SREBF1    Helix-Loop-Helix  isotig04460  903     0.0   
STAT2::STAT1    STAT    isotig09154  282     2e-87
        isotig13338  318     3e-103
Tcf12     Helix-Loop-Helix   isotig06344  248     1e-73
Tcf3     High Mobility Group (Box) isotig06071  509     2e-175
TCF7L2    High Mobility Group (Box) isotig06071  410     4e-136
TFAP2A    Helix-Loop-Helix  isotig06952  656     0.0  
TFAP2C    Helix-Loop-Helix  isotig06952  403     5e-137
USF1     Helix-Loop-Helix  isotig10551  336     5e-115
YY1     BetaBetaAlpha-zinc finger  isotig08015  338     2e-113
ZNF263    BetaBetaAlpha-zinc Finger  isotig00570  276     4e-82
ZNF354C    BetaBetaAlpha-zinc finger  isotig00570  334     5e-105
ホンハブの毒腺 EST データベースより抽出された転写因子群。
転写因子の名称，ファミリー名，ヒットしたデータセットのアクセッション No., Score，E-Value を示す。
 248 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12. ホンハブ PfPLA 6 遺伝子プロモーター領域に
結合すると予測された転写因子群
Name    Family    BLAST Hit isotig Score E-Value
ARID3A    Arid    isotig17357  258 6e-82
Bhlhe40    Helix-Loop-Helix  isotig04518  468     7e-153
E2F6     E2F     isotig12623  269     8e-90
EBF1     Helix-Loop-Helix   isotig21664  299     3e-98
EGR1     BetaBetaAlpha-zinc Finger isotig13881  303     9e-100
EHF     ETS     isotig05227  503     3e-175
HNF4A     Hormone-nuclear Receptor  isotig05389  264     1e-80
MZF1_1-4    BetaBetaAlpha-zinc Finger  isotig00570  292     2e-87
MZF1_5-13    BetaBetaAlpha-zinc Finger  isotig00570  292     2e-87
NFATC2    Rel     isotig03142  267     3e-78
NFIC     NFI CCAAT-binding  isotig04628  495     4e-164
NFKB1     Rel     isotig10963  236     9e-71
NR2F1     Hormone-nuclear Receptor isotig17626  268     4e-88
NR4A2     Hormone-nuclear Receptor isotig07234  428     6e-145
PPARG::RXRA    Hormone-nuclear Receptor isotig05389  614     0.0   
        isotig08048  440     7e-152
REL     Rel     isotig12550  303     2e-98
RELA     Rel     isotig12550  229     1e-70
Rfx1     RFX    isotig13306  404     9e-134
Rxra     Hormone-nuclear Receptor  isotig05389  614     0.0  
SP1     BetaBetaAlpha-zinc Finger isotig05381  375     3e-119
SP2     BetaBetaAlpha-zinc Finger isotig18337  254     2e-80
STAT2::STAT1    STAT    isotig09154  282     2e-87
        isotig13338  318     3e-103
Tcf12     Helix-Loop-Helix   isotig06344  248     1e-73
Tcf3     High Mobility Group (Box)  isotig06071  509     2e-175
TCF7L2    High Mobility Group (Box)  isotig06071  410     4e-136
TFAP2A    Helix-Loop-Helix  isotig06952  656     0.0 
TFAP2C    Helix-Loop-Helix  isotig06952  403     5e-137
USF1     Helix-Loop-Helix  isotig10551  336     5e-115
YY1     BetaBetaAlpha-zinc finger  isotig08015  338     2e-113
ホンハブの毒腺 EST データベースより抽出された転写因子群。
転写因子の名称，ファミリー名，ヒットしたデータセットのアクセッション No., Score，E-Value を示す。
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7. ??  
7-1. ????????  
名称  配列  アニーリングサイト  用途  
BSC-1 gTT TTA ggA AYg AAT TTT AAT TTA Tg 塩基性[Asp49]PLA2遺伝子 5’上流 メチル化状態解析 
BSC-4 TAA CTA CCC ATT TTA CAA TTT TTC 塩基性[Asp49]PLA2遺伝子 第 1 イン
トロン 
メチル化状態解析 
BSC-5 gAA gAg AgT TgT TTg Tgg AgA g PfPLA 6遺伝子 5'上流 メチル化状態解析 
BSC-6 CRA CCA TTA TCC AAA ACR T PfPLA 6遺伝子 第 1エクソン メチル化状態解析 
CHO3 gCA AAg CTg gCA CCT gTT TAT TA IIA型毒 PLA2遺伝子 3'UTR ゲノミック PCR 
CHO5 gTA TCg ggA ggA TgA ggA CTC TC IIA型毒 PLA2遺伝子 5'UTR ゲノミック PCR 
CNVBP-F2 gCA CAA ATg CTg TTA CAA [Lys49]PLA2遺伝子 第 3エクソン SNPジェノタイピング 
CNVBP-R1 ACC gCA gAC gAT ggC CTT [Lys49]PLA2遺伝子 第 3エクソン SNPジェノタイピング 
CNVBP-R2 CAC CTg CTT CAg gCA Tgg Tg [Lys49]PLA2遺伝子 第 4エクソン SNPジェノタイピング 
IIEexp-1 ggA CAT ATg AAT TTg ATC CAg TTT ggC  
CAC  
PfIIEPLA2遺伝子 第 2エクソン 組換えタンパク質発
現 
IIEexp-2 gCA CTC gAg gCC CCC CTT CgT ggg ggC 
CCA 
PfIIEPLA2遺伝子 第 4エクソン 組換えタンパク質発
現 
M13 Forward 
(-47) 
CgC CAg ggT TTT CCC AgT CAC gAC ベクタープライマー サイクルシークエンス 
M13 Forward 
(−20) 
gTA AAA CgA Cgg CCA g ベクタープライマー サイクルシークエンス 
M13 Reverse CAg gAA ACA gCT ATg AC ベクタープライマー サイクルシークエンス 
MS3-1 gAC CCT CCT TgC AAC gAA Ag PfPLA 6遺伝子 第 2エクソン 逆転写 PCR 
MS5-1 gCC Tgg TCC AAT TgT ggA Ag PfPLA 6遺伝子 第 4エクソン 逆転写 PCR 
Mul1-1 CTT TgT YDR TCT gTg CAA ASA gCT 
AgA g 
MUL1遺伝子 3'UTR ゲノミック PCR 
NSP-F1 ACC Cgg gTT CAA ATg CTC IIA型毒 PLA2遺伝子 第 3イントロン 定量 PCR 
NSP-R1 gCA gAg CAA ACC CTg gTT A  IIA型毒 PLA2遺伝子 第 3イントロン 定量 PCR 
OTUD3-1 CCT Tgg TAg CCT CTT TgC CAT CAg OTUD3遺伝子 第 8エクソン ゲノミック PCR 
PBC-3 TTT TTT gTT Tgg gTT ATT TTA gTT IB型 PLA2遺伝子 5'上流 メチル化状態解析 
PBC-4 AAT CAA AAA AAC CTA ACA TAT CCC IB型 PLA2遺伝子 第 1 イントロン メチル化状態解析 
PfPLA2-3’Fl TTT ggT TAg TTT CCA TCT gCT TTg g PtBP-I遺伝子 3'フランキング ゲノミック PCR 
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r3 
PfPLA2-5’Fl
r1 
ggA CTA CTg gCT gTA gTC Tgg C PtBP-I遺伝子 5'フランキング ゲノミック PCR 
pGIID-1 gTT CCT ggC ATT TCA ACC ATC IID型 PLA2遺伝子 第 1 イントロン ゲノミック PCR 
pGIID-2 TgC ACA ggA ggT TTg ggT Ag IID型 PLA2遺伝子 第 4エクソン ゲノミック PCR 
ppp20 ACC gCC gAC AgA Atg AAT CC IB型 PLA2 第 1エクソン 逆転写 PCR 
ppp21 ACA TCA gTg CCT CAC TTT ATT gTT C IB型 PLA2 3'UTR 逆転写 PCR 
SHU7 CAg AgC AAg AgA ggT ATC CN ACTB遺伝子 第 2エクソン 逆転写 PCR 
SHU8 TAg ATg ggC ACA gTg Tgg gN ACTB遺伝子 第 3エクソン 逆転写 PCR 
SK8 CAC AgT ggC TgA gTg CAT g OoPLA2-o2遺伝子 5'上流 ゲノミック PCR 
SPII-2 ggC CgA gTC CgT CgT AgC T IIE型 PLA2遺伝子 3'UTR ゲノミック PCR 
SPII-3 gTA gAC TgC gCg TAA TTT gTA g IIE型 PLA2遺伝子 5'UTR ゲノミック PCR 
SPII-8 CAg TCC TTC CAT AAA gCT C IIE型 PLA2遺伝子 5'UTR ゲノミック PCR 
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